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RESLIENT PACKETRING DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This is a continuing application, filed under 35 U.S.C. 
S111(a), of International Application PCT/JP03/01442, filed 
Feb. 12, 2003. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an RPR (Resilient Packet 

Ring) network constituted in Such a way that a plurality of 
RPR devices are connected to one or more rings, and more 
particularly to a packet transfer method using an RPR tech 
nique that uses an L2-RPR mapping table in a layer 2 (L2. 
namely datalink layer in OSI reference model) 

2. Description of the Related Art 
Conventionally, in a connection between remote hosts, 

network construction using a private line was a typical 
method. However, in the network establishment using the 
private line, in an end-to-end communication, the following 
problems occur. 
(1) This results in the occupation of all bandwidths. 
(2) A price is set high in various services such as private line 

IP (Internet Protocol) connection and the like. 
Also, because of its system in which the price of services 

are determined on the basis of a connection distance of the 
private line, the construction of a national network based on 
the private line requires a large amount of money. 

To that end, in order to solve the problems of the network 
establishment based on the private line, the technique pro 
posed under the assumption that the LAN (Local Area Net 
work) technique used on the user's side is used to establish all 
networks is a wide area LAN service. 
The wide area LAN service is such that a method used in 

the LAN, namely, the Ethernet (registered treadmark) used in 
the network, in which computers at positions relatively close 
to each other are connected, is expanded and applied to a 
large-scale wide area network service (see FIG. 37). 
The user takes a merit that since all hosts seem to be simply 

connected through the LAN, it is very easy to use, and an 
apparatus cost and a maintenance cost are low. Due to those 
facts, the wide area LAN service is wide-spreading now. 

In the current wide area LAN service, a connection point to 
the user can be attained through a cheap LAN interface. 
However, the interface inside a carrier network is attained 
(realized) by mapping a frame of the Ethernet (IEEE 802.3) to 
a SONET (Synchronous Optical Network)/SDH (Synchro 
nous Digital Hierarchy) technique having a high reliability. 
This SONET/SDH neither occuping the bandwidth nor 
obtain a statistic multiplex effect. For this reason, the usage 
fee of the SONET/SDH is very high for the user. 

In Such situation, the RPR technique appears as a technique 
replacing the expensive SONET/SDH communication por 
tion. The RPR uses a packet ring (ringlet) accessing method, 
which enables data communication with the bandwidth from 
the minimum level of 155 Mbps to the maximum level of 10 
Gbps. Also, since the RPR supports a double ring circulating 
in two opposite directions referred to as an outer ring and an 
inner ring, this is Superior even in recoverability through 
trouble recovering means. 

Moreover, in the RPR, while the merit of the packet com 
munication is used to exhibit the statistic multiplex effect, 
similarly to the SONET/SDH, the bandwidth guarantee simi 
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2 
lar to a hard wired private line is established. Also, a data 
packet can be transmitted to both of the outer ring and the 
inner ring. 
A transmission node has a function of transmitting data by 

selecting the side, which enables the shortest route, by using 
a topology detection technique when the data packet is trans 
mitted. In this function, an RPR header is added to the trans 
mission data packet at an inlet to the ring, and the RPR header 
is removed at an outlet from the ring. 
Under the current situation, by installing the RPR function 

in a router having the L3 (layer 3, namely, network layer in 
OSI reference model) function such as a routing protocol or 
the like, the RPR device (node) is configured, and such an 
RPR device is used to establish the RPR ring network. That is, 
the RPR ring network under the current situation is attained 
with the L3 function given thereto. FIG. 38 is a principle 
explanatory view of the conventional RPR device. 
The RPR device has interfaces for dropping in and drop 

ping out from/to the outer ring and the inner ring and also has 
a plurality of user device interfaces. 

Also, the RPR device includes: a transmission ring selector 
for selecting a transmission destination of a frame from the 
outer ring and the inner ring; a transmission RPR device 
judgment unit for judging an RPR device as the transmission 
destination of the frame; a reception user data judgment unit 
for analyzing the user data received from the user device 
interfaces; a user address learning unit for registering the 
correspondence between a user device address and its inclu 
Sioin (accommodated) position in a user device address/ac 
commodation position learning table; a reception data judg 
ment unit for analyzing the frame received from the RPR ring: 
a transmission position judgment unit for judging a transmis 
sion position of the frame to the user device; a user address 
retrieving unit for referring to the user device address/accom 
modation position learning table and retrieving an accommo 
dation position corresponding to the user address; and an IP 
routing controller for carrying out routing of an L3 level to the 
received frame and a route selection. 

In the RPR ring network under the current situation, the 
operation of the RPR device when a data transfer is executed 
from a terminal A to a terminal B is explained in brief with 
reference to FIG. 39. Respective numerals in the parenthesis 
in FIG. 39 related to the following outline correspond to 
numerals as below. 

(1) A maintenance person carries out initial settings of RPR 
devices I to IV constituting the ring. 

(2) Each of the RPR devices I to IV executes the ring 
topology detection and creates a topology map (the RPR 
device I collects the information on the node and the number 
of hops on the ring. 

(3) Each RPR device and each router create the routing 
table in accordance with the routing protocol. 

(4) The terminal A transmits an ARP (Address Resolution 
Protocol) request into a subnet to which the terminal A itself 
belongs (in order that the terminal A knows a MAC (Media 
Access Control) address of a router X). 

(5) The router X transfers an ARP response to the terminal 
A (the terminal A recognizes a destination MAC address). 

(6) The terminal A transmits a packet addressed to the 
terminal B to the router X (DA (Destination Address): the 
MAC address of the router X, SA (Source Address): the MAC 
address of the terminal A). 

(7) The router X extracts the destination IP address from 
the reception packet and recognizes that the terminal B exists 
forward of the RPR device I, from the routing table created on 
the basis of the L3 routing protocol. Thus, the ARP request is 
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sent into the subnet on the RPR device I side (in order that the 
router X knows the MAC address of the RPR device I). 

(8) The RPR device I recognizes that the router X exists 
under the administration of a port “a” of the RPR device I 
itself (the RPR device I creates a MAC learning table (the user 
device address/accommodation position learning table)). 

(9) The RPR device I transmits the ARP response to the 
router X (the router X recognizes the destination MAC 
address (the MAC address of the RPR device I)). 

(10) The router X transmits the packet to the RPR device I 
(DA: the MAC address of the RPR device I, SA: the MAC 
address of the router X). 

(11) The RPR device I extracts the destination IP address 
from the packet received in the step (10) and recognizes that 
the terminal B exists forward of the RPR device III, from the 
routing table. Thus, an RPR header (DA: the MAC address of 
the RPR device III, SA: the MAC address of the RPR device 
I) is added to the reception packet, and it is transmitted into 
the RPR ring. 

(12) The RPR device II passes the packet therethrough 
because the packet destination is not the RPR device II, and 
the RPR device III drops the packet. 

(13) The RPR device III transmits the ARP request into the 
subnet to which the terminal B belongs (in order that the RPR 
device III knows the MAC address of the terminal B). 

(14) The terminal B transmits the ARP response to the RPR 
device III (the RPR device III recognizes the destination 
MAC address (the MAC address of the terminal B)). 

(15) The RPR device III removes the RPR header of the 
received packet and transmits it to the terminal B (DA: the 
MAC address of the terminal B, SA: the MAC address of the 
RPR device III). 

Incidentally, Luminous Networks Inc. provides a ring 
transmission technique “Resilient Packet Transport' (RPT) 
that can establish the ring type network such as the SONET/ 
SDH by using the L2 technique. This technique is attained by 
using an encapsulation control based on a special frame for 
mat. 

Also, as the technique provided originally prior to the 
standardization of IEEE802.17 as a different technique from 
the RPT, there are SRP (Spatial Reuse Protocol) of Cisco 
Systems Inc. and OPTera PacketFdge of Nortel Corporation. 
However, both the SRP and the OPTera PacketEdge are based 
on the control method with the L3 function given thereto. 

Note that, as the prior art document related to the present 
application, there are the inventions noted in Patent Docu 
ments 1 and 2 below. Patent Document 1 discloses the tech 
nique for generating VPN (Virtual Private Network) on a 
shared network and creating an L2 routing table by mapping 
VLAN (Virtual Local Area Network) and MPLS (Multi-Pro 
tocol Label Switching) header in a network in which a com 
munication is carried out inside the VPN. 

Patent Document 2 discloses the technique for carrying out 
the packet transmission inside the ring without using capsule 
and token, by creating a table to carry out self-learning with 
respect to one or both of a ring side port and a local side port, 
in the network of the ring configuration. 

Patent Document 1 
JP 2002-164937 A 
Patent Document 2 
JP 2002-523992 A 
The above-mentioned conventional RPR control method 

has the following problems (subjects). Firstly, in the current 
situation, the RPR function is installed in the router having 
the L3 (layer 3) functions such as the routing protocol so that 
the RPR device is configured, and such the RPR device is 
used to establish the ring network. 
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For this reason, required are a high performance CPU 

(Central Processing Unit) and high functional software and 
hardware. Also, the routing protocol requires a large-capacity 
memory. Those requirements cause the higher cost of the 
entire RPR device (node). 

Secondly, since the RPR device is equipped with the L3 
function, the expensive maintenance cost is required to oper 
ate/manage the complex function. 

Thirdly, the method of realizing the objective one with the 
L2 function in the existing technique is attained by encapsu 
lating the headerby using the unique header and the like. Such 
as Luminous Networks Inc. Thus, it could not be directly 
connected to the RPR device. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide the RPR 
device that can establish an RPR ring network without an L3 
function. 

Also, another object of the present invention is to provide 
an RPR device that can reduce a cost of the entire device. 

Also, another object of the present invention is to provide 
an RPR device that can reduce a maintenance cost. 

Also, another object of the present invention is to provide 
an RPR device that can attain data transmission in the RPR 
ring network without using a special data format. 

According to a first aspect of the present invention, there is 
provided an RPR device, which is connected to one or more 
rings to constitute an RPR (Resilient Packet Ring) network, 
including: 

a storage unit storing a correspondence between an RPR 
device address, each indicating each RPR device connected to 
the one or more rings and a user device address, each indi 
cating a user device respectively accommodated in the RPR 
device; 

a transfer control unit that receives a data addressed to a 
predetermined user device which is received from a user 
device accommodated in the RPR device itself, and when an 
RPR device address of an RPR device accommodating the 
predetermined user device is registered in the storage unit, 
adds an RPR header, in which the RPR device address is set as 
a destination RPR device address, to the data; and 

a unit transmitting the data, to which the RPR header is 
added, to the RPR device network. 
The RPR device according to the first aspect of the present 

invention preferably further includes: 
a receiving unit receiving the data with the RPR header 

from the RPR network; and 
a address learning unit that receives at least a transmission 

source address of the data to which the RPR header and a 
transmission source RPR device address set for the RPR 
header from the receiving unit, and when the transmission 
Source address is not registered in the storage unit, registers a 
correspondence between the transmission source address and 
the transmission source RPR device address in the storage 
unit. 

According to the first aspect of the present invention, pref 
erably, the address learning unit includes: 

a judgment unit for judging whether or not the transmission 
source address of the data with the RPR header received by 
the receiving unit is stored in the storage unit; and 

a registration unit that, when the transmission source 
address is not stored, registers a correspondence between the 
transmission source address and the transmission Source RPR 
device address set for the packet with the RPR header. 

According to the first aspect of the present invention, pref 
erably, the transfer control unit includes: 
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a retrieving unit that uses a transmission destination 
address of the data addressed to the predetermined user 
device as a retrieval key and retrieves a corresponding RPR 
device address; and 

an adding unit that, when the corresponding RPR device 
address is retrieved, adds the RPR header, in which the RPR 
device address is set as the destination RPR device address, to 
the data. 

According to the first aspect of the present invention, pref 
erably, the receiving unit does not pass at least the transmis 
sion Source address of the data and the transmission Source 
RPR device address set for the RPR header to the address 
learning means, when a group identifier set for the data to 
which the RPR header is added and which is received from the 
RPR network is not coincident with a group identifier to 
which the user device accommodated in the RPR device itself 
belongs. 

According to the first aspect of the present invention, pref 
erably, the user device address and the RPR device address 
are MAC addresses. The group identifier is preferably a layer 
2 grouping identifier (e.g., VLAN ID). 

According to a second aspect of the present invention, there 
is provided an RPR network system, including: a plurality of 
RPR devices including first and second RPR (Resilient 
Packet Ring) devices each accommodating one or more user 
devices; and one or more rings to which the RPR devices are 
connected, in which: 

the first RPR device, when receiving a broadcast packet 
requiring (desiring) an arrival at a second user device 
included in the second RPR device, from a first user device 
accommodated in the RPR device itself, adds an RPR header, 
in which a transmission source address is an address of the 
first RPR device and a destination RPR device address is a 
broadcast address, to the packet to be transmitted to an RPR 
network; 

the second RPR device, when receiving the packet, to 
which the RPR header is added and which is transmitted from 
the first RPR device, from the RPR network, in accordance 
with the transmission source address of the RPR header and 
the MAC address of the first user device set as the transmis 
sion source address for the packet, learns that the first RPR 
device includes the first user device, removes the RPR header 
from the packet, and transmits the packet to the second user 
device; 

the second RPR device, when receiving the packet 
addressed to the first user device and transmitted from the 
second user device, adds the RPR header, in which the MAC 
address of the first RPR device that has been already learned 
is set as the destination RPR device address, to the packet to 
be transmitted to the RPR network; and 

the first RPR device, when receiving the packet, to which 
the RPR header is added and which is transmitted from the 
second RPR device, from the RPR network, removes the RPR 
header from the packet to be transmitted to the first user 
device. 

According to the second aspect of the present invention, 
preferably, the first RPR device, 
when receiving the packet to which the RPR header is 

added and which is transmitted from the second RPR device, 
inaccordance with the RPR device address of the second RPR 
device set as the transmission source RPR device address for 
the RPR header, and the address of the second user device set 
as the transmission source address of the packet, learns that 
the second RPR device accommodates the second user 
device, and 
when receiving the packet in which the address of the 

second user device is set as the destination address from the 
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6 
first user device, adds the RPR header, in which the RPR 
device address of the second RPR device that has been 
already learned is set as the destination RPR device address, 
to the packet to be transmitted to the RPR network. 

According to the second aspect of the present invention, 
preferably, the RPR device for relaying the packet to which 
the RPR header is added and which is transferred between the 
first RPR device and the second RPR device, when receiving 
the packet to which the RPR header is added and which is 
transmitted from the first or second RPR device, in accor 
dance with the transmission source RPR device address set 
for the packet to which the RPR header is added, and the 
transmission source address, learns that the user device speci 
fied on the basis of the transmission Source address is 
included in the RPR device specified on the basis of the 
transmission source RPR device address. 

According to the second aspect of the present invention, 
preferably, a layer 2 grouping identifier indicating a layer 2 
group to which the user devices included in different RPR 
devices belong is set for the packet that is transmitted and 
received between the user devices; and 

each of the plurality of RPR devices holds the layer 2 
grouping identifier of the user devices included in its own 
device, and when an layer 2 grouping identifier different from 
the layer 2 grouping identifier held by its own device is set for 
the packet to which the RPR header received from the RPR 
network is added, does not capture of the packet to which the 
RPR header is added and carry out the learning. 

According to a third aspect of the present invention, there is 
provided a data transfer method for an RPR device that is 
connected to one or more rings and constitutes an RPR (Resil 
ient Packet Ring) network, the method including: 

receiving a data addressed to a predetermined user device, 
which is received from a user device accommodated in the 
RPR device itself 
whenan RPR device address of the RPR device accommo 

dating the predetermined user device is registered in a storage 
unit for registering a correspondence between an RPR device 
address, each indicating each RPR device connected to the 
one or more rings, and user device addresses, each indicating 
a user device accommodated in each RPR device, adding the 
RPR header in which the RPR device address is set as the 
destination RPR device address, to the data; and 

transmitting the data, to which the RPR header is added, to 
the RPR network. 

The data transfer method for an RPR device according to 
the third aspect of the present invention preferably further 
includes: 

receiving the data, to which the RPR header is added, from 
the RPR network; and 
when the transmission source address of the received data 

is not registered in the storage unit, correlating the transmis 
sion source address and the transmission source RPR device 
address to be registered in the storage unit. 
The data transfer method for an RPR device according to 

the third aspect of the present invention preferably further 
includes: 

judging whether or not the transmission source address of 
the data to which the RPR header is added and which is 
received from the RPR network is stored in the storage unit; 
and 

when the transmission source address is not stored, corre 
lating the transmission source address and the transmission 
Source RPR device address set for the RPR header to be 
registered in the storage unit. 
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The data transfer method for an RPR device according to 
the third aspect of the present invention preferably further 
includes: 

retrieving an equivalent RPR device address by using a 
transmission destination address of the data destinated to the 
predetermined user device as a retrieval key; and 
when the equivalent RPR device address is retrieved, add 

ing the RPR header, in which the RPR device address is set as 
the destination RPR device address, to the data. 

According to the third aspect of the present invention, 
preferably, when a group identifier set for the data to which 
the RPR header is added and which is received from the RPR 
network is not coincident with a group identifier assigned to 
the user device included in its own device, a registration 
process for the transmission source address of the data and the 
transmission source RPR device address set for the RPR 
header in the storage unit is not performed. 

According to the third aspect of the present invention, 
preferably, the user device address and the RPR device 
address are MAC addresses, and the group identifier is a layer 
2 grouping identifier, and the layer 2 grouping identifier is a 
VLAN ID. 

According to a fourth aspect of the present invention, there 
is provided a data transfer method for an RPR network sys 
tem, in which a plurality of RPR devices including first and 
second RPR (Resilient Packet Ring) devices accommodating 
one or more user devices are connected, the method includ 
1ng: 

when the first RPR device receives a packet of a broadcast 
specification requesting an arrival at a second user device 
included in the second RPR device from a first user device 
included in the first RPR device, adding, with the first RPR 
device an RPR header, in which a transmission source address 
is a MAC address of the first RPR device and a destination 
address is a broadcast address, to the packet to be transmitted 
to an RPR network; 
when the second RPR device receives the packet, to which 

the RPR header is added and which is transmitted from the 
first RPR device, from the RPR network, in accordance with 
the transmission source address of the RPR header and an 
address of the first user device set as the transmission Source 
address for the packet, learning, with the second RPR device, 
that the first RPR device includes the first user device and 
removing the RPR header from the packet to be transmitted to 
the second user device; 
when the second RPR device receives the packet destinated 

to the first user device and transmitted from the second user 
device, adding, with the second RPR device, the RPR header, 
in which the MAC address of the first RPR device that has 
been already learned is set as the destination RPR device 
address, to the packet to be transmitted to the RPR network; 
and 

when the first RPR device receives the packet, to which the 
RPR header is added and which is transmitted from the sec 
ond RPR device, from the RPR network, removing, with the 
first RPR device the RPR header from the packet to be trans 
mitted to the first user device. 

The data transfer method for an RPR network system 
according to the fourth aspect of the present invention pref 
erably further includes: 
when the first RPR device receives the packet to which the 

RPR header is added and which is transmitted from the sec 
ond RPR device, in accordance with the RPR device address 
of the second RPR device set as the transmission source RPR 
device address for the RPR header, and the address of the 
second user device set as the transmission source address of 
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8 
the packet, learning, with the first RPR device that the second 
RPR device includes the second user device; and 
when the first RPR device receives the packet in which the 

address of the second user device as a destination address is 
set as the destination address from the first user device, add 
ing, with the first RPR device the RPR header, in which the 
RPR device address of the second RPR device that has been 
already learned is set as the destination RPR device address, 
to the packet to be transmitted to the RPR network. 
The data transfer method for an RPR network system 

according to the fourth aspect of the present invention pref 
erably further includes, when the RPR device for relaying the 
packet to which the RPR header is added and which is trans 
ferred between the first RPR device and the second RPR 
device, receives the packet to which the RPR header is added 
and which is transmitted from the first or second RPR device, 
in accordance with the transmission source RPR device 
address set for the packet to which the RPR header is added, 
and the transmission source address, learning with the RPR 
device, that the user device specified on the basis of the 
transmission source address is included in the RPR device 
specified on the basis of the transmission source RPR device 
address. 

According to the fourth aspect of the present invention, 
preferably, a layer 2 grouping identifier indicating a layer 2 
group to which the user devices included in different RPR 
devices belong is set for the packet that is transmitted and 
received between the user devices, and 

each of the plurality of RPR devices holds the L2 grouping 
identifier of the user devices included in its own device, and 
when an L2 grouping identifier different from the L2 group 
ing identifier held by its own device is set for the packet to 
which the RPR header is added and which is received from the 
RPR network, does not capture the packet to which the RPR 
header is added and carry out the learning. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a principle view of the present invention; 
FIG. 2 is a principle view of the present invention; 
FIG. 3 is an operation explanatory view of the present 

invention; 
FIG. 4 is an operation explanatory view of the present 

invention; 
FIG. 5 is an operation explanatory view of the present 

invention; 
FIG. 6 is a view showing a network configuration example 

(when an L2 grouping identifier is not used), according to an 
embodiment; 

FIG. 7 is a view showing a network configuration under an 
administration of an RPR device according to the embodi 
ment; 

FIG. 8 is a view showing a network configuration under an 
administration of an RPR device according to the embodi 
ment; 

FIG.9 is a view showing a network configuration under an 
administration of an RPR device according to the embodi 
ment; 

FIG. 10 is a format explanatory view of a topology detec 
tion message according to the embodiment; 

FIG. 11 is an explanatory view of set information of the 
topology detection message shown in FIG. 10; 

FIG. 12 is a format explanatory view of an ARP request 
packet according to the embodiment; 

FIG. 13 is an explanatory view of the set information of the 
ARP request packet shown in FIG. 12; 

FIG. 14 is a view showing a MAC address learning table; 
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FIG. 15 is a flowchart showing a process of a transmission 
RPR device judgment unit according to the embodiment; 

FIG.16 is a format explanatory view of an RPR data packet 
(ARP request) according to the embodiment; 

FIG. 17 is an explaining view of the set information of the 
RPR data packet (ARP request) shown in FIG. 16; 

FIGS. 18A and 18B are flowcharts showing a process of a 
reception data judgment unit according to the embodiment; 

FIG. 19 is a flowchart showing a process of an RPR device 
address learning unit according to the embodiment; 

FIG. 20 is a flowchart showing a process of an RPR device 
address/user device address learning management unit 
according to the embodiment; 

FIG. 21 is a view showing an RPR-MAC address learning 
table; 

FIG. 22 is a format explaining view of an ARP response 
packet according to the embodiment; 

FIG. 23 is an explaining view of the set information of the 
ARP response packet shown in FIG.22; 

FIG. 24 is a view showing the MAC address learning table: 
FIG. 25 is a flowchart showing a process of an RPR device 

address retrieving unit according to the embodiment; 
FIG. 26 is a format explaining view of an RPR data packet 

(ARP response) according to the embodiment; 
FIG.27 is an explaining view of set information of the RPR 

data packet (ARP response) shown in FIG. 26: 
FIG. 28 is a view showing the RPR-MAC address learning 

table after update: 
FIG. 29 is a view showing the RPR-MAC address learning 

table; 
FIG. 30 is a view showing a network configuration 

example (when the L2 grouping identifier is used) according 
to the embodiment; 

FIG. 31 is a view showing a VLAN ID registration table: 
FIG. 32 is a view showing a VLAN ID registration table: 
FIG. 33 is a format explaining view of an ARP request 

packet (when the L2 grouping identifier is used) according to 
the embodiment; 

FIG. 34 is an explaining view of the set information of the 
ARP request packet (when the L2 grouping identifier is used) 
shown in FIG. 33: 

FIG. 35 is a format explaining view of an RPR data packet 
(when the L2 grouping identifier is used) according to the 
embodiment; 

FIG. 36 is an explaining view of the set information of the 
RPR data packet (when the L2 grouping identifier is used) 
shown in FIG. 35: 

FIG. 37 is a view showing a network configuration of a 
wide area LAN service; 

FIG.38 is a principle view of a conventional RPR device; 
and 

FIG. 39 is an explaining view of a conventional technique 
(an RPR control method in a router). 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT OF THE INVENTION 

Embodiment of the present invention will be described 
below. The following embodiment is given by way of 
example, and the present invention is not limited to configu 
ration of the embodiment. 

Principle of the Invention 
At first, the principle in the present invention is explained. 

FIG. 1 is a view showing a configuration example of a net 
work system according to the present invention, FIG. 2 is a 
view of a configuration example of an RPR device according 
to the present invention, and FIGS. 3, 4 and 5 are operation 
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10 
explanatory views of the network system and RPR device 
shown in FIGS. 1 and 2, respectively. 
<Network Configuration Example> 
FIG. 1 illustrates aplurality of RPR devices I, II, III, and IV 

according to the present invention. The RPR devices I, II, III, 
and IV are connected to RPR rings (inner and outer rings) 
Consequently, an RPR ring network is established. 
The RPR devices I and III include user side networks N1, 

N2, respectively. The RPR ring network is used as a backbone 
to transfer data from the network N1 to the network N2. 
The RPR device I functions as a transmission source device 

of data in the RPR ring network, when the data is transferred 
to the network N2 from the network N1. Also, the RPR device 
I has a user address learning function for learning the corre 
spondence between an address (a node address of the RPR 
device I) of a transmission source device and an accommo 
dation port of the network N1. 

Also, the RPR device III functions as a transmission des 
tination device of the data in the RPR ring network, when the 
data is transferred to the network N2 from the network N1. 

Also, the RPR device III has a user address learning func 
tion (1) for learning the correspondence between an address 
(a node address of the RPR device III) of a transmission 
destination device and an accommodation port of the network 
N2. 

Moreover, each of the RPR devices I, II, III and IV has a 
transmission Source device address learning function (2) for 
learning an address of a transmission Source device of the data 
in the RPR ring network from the data transferred within the 
RPR ring network. 

<Configuration Example of RPR Device> 
FIG.2 shows the configuration example of each of the RPR 

devices I, II, III and IV. As shown in FIG. 2, the RPR device 
according to the present invention includes: interfaces to 
carry out drop-in and drop-out of frames to the RPR rings; and 
a plurality of user device interfaces to accommodate user 
devices in a user side network. 

Moreover, the RPR device includes: transmission ring 
selector 11 connected to the interfaces on the out (transmit 
ting) side to the RPR rings; a transmission RPR device judg 
ment unit 12 connected to the transmission ring selector 11, 
an RPR device address retrieving unit 13 controlled by the 
transmission RPR device judgment unit 12; a reception user 
data judgment unit 14 connected to the transmission RPR 
device judgment unit 12; and a user address learning unit 15 
controlled by the reception user data judgment unit 14. 

Moreover, the RPR device includes a reception data judg 
ment unit 16 connected to the interfaces on the in (receiving) 
side to the RPR rings; an RPR device address learning unit 17 
controlled by the reception datajudgment unit 16; a transmis 
sion position judgment unit 18 connected to the reception 
data judgment unit 16; a user address retrieving unit 19 con 
trolled by the transmission position judge unit 18; an RPR 
device address/user device address learning managing unit 20 
referred to by the RPR device address learning unit 13 and set 
by the RPR device address learning unit 17; and a user device 
address/accommodation position learning table 21 which is 
set by the user address learning unit 15 and referred to by the 
user address retrieving unit 19. 
The transmission ring selector 11 receives packets, each of 

which an RPR header is added, from the transmission RPR 
device judgment unit 12 and the reception datajudgment unit 
16. The transmission ring selector 11, when receiving the 
packet, confirms the RPR header of the packet, selects one of 
the inner ring and the outer ring to which the packet (frame) 
is transmitted, and transmits the packet to the selected ring. 
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The transmission RPR device judgment unit 12 judges a 
MAC address of a transmission destination RPR device from 
a destination MAC address of the packet, and adds the RPR 
header based on the judgment result to the packet. 

That is, the transmission RPR device judgment unit 12, 
when receiving the packet, instructs the RPR device address 
retrieving unit 13 to retrieve a transmission destination RPR 
device address corresponding to the destination MAC address 
of this packet, and if receiving the transmission destination 
RPR device address as the retrieval result, adds the RPR 
header including this transmission destination RPR address 
to the packet and gives to the transmission ring selector 11. 

The RPR device address retrieving unit 13 retrieves the 
MAC address of the RPR device, to which the transmission 
destination user device is connected with the destination 
MAC address of the packet, from the RPR device address/ 
user device address learning managing unit 20. 

That is, the RPR device address retrieving unit 13 retrieves 
the transmission destination RPR device address correspond 
ing to the destination MAC address of the packet from the 
RPR device address/user device address learning managing 
unit 20, in accordance with the instruction from the transmis 
sion RPR device judgment unit 12. If it can obtain the corre 
sponding transmission destination RPR device address, it 
notifies the transmission RPR device judgment unit 12 of this 
transmission destination RPR device address. 

The reception user datajudgment unit 14 judges an accom 
modation port of a transmission source user device and the 
MAC address of the transmission source user device, from the 
packet received from the user device, and gives to the user 
address learning unit 15. 

That is, the reception user data judgment unit 14 receives 
the packet received by any of the user device interfaces (ac 
commodation ports) and notifies the user address learning 
unit 15 of at least a port number of the accommodation port 
receiving this packet and the transmission source MAC 
address of the packet. 
The user address learning unit 15 learns the accommoda 

tion port of the transmission source user device connected to 
its own RPR device and the MAC address of the transmission 
source user device. That is, the user address learning unit 15 
correlates the port number of the accommodation port (recep 
tion port) of the transmission source user device of the packet 
received from the reception user data judgment unit 14 and 
the MAC address (transmission source MAC address of the 
packet) of the transmission source user device and sets for the 
user device address/accommodation position learning table 
21. 

The reception datajudgment unit 16 judges the destination 
MAC address of the RPR header added to the packet received 
from the ring network (RPR ring) and determines whether the 
packet is transferred to the adjacent RPR device or taken 
(dropped) in its own RPR device. 

That is, the reception data judgment unit 16, if the trans 
mission destination RPR device address added to the packet is 
the self-RPR device address, transmits the packet to the trans 
mission position judgment unit 18. On the contrary, if the 
transmission destination RPR device address is not the self 
RPR device address, the packet is transmitted to the transmis 
sion ring selector 11. Also, the reception data judgment unit 
16 gives the packet, to which the RPR header is added, to the 
RPR device address learning unit 17. 

Also, the present invention can use the L2 grouping iden 
tifier (for example, a VLAN identifier). In this case, the recep 
tion data judgment unit 16 can be configured so as to further 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
carry out filtering before judging the destination MAC 
address of the RPR header, in addition to the above-men 
tioned functions. 
The RPR device address learning unit 17 learns the trans 

mission source RPR device address and the user device 
address from the packet received from the reception data 
judgment unit 16. 

That is, the RPR device address learning unit 17 learns the 
correspondence between the transmission source RPR device 
address of the RPR header added to the packet and the trans 
mission source MAC address (transmission source user 
device address) of the packet, and sets for the RPR device 
address/user device address learning managing unit 20. 

Also, the RPR device address learning unit 17 can refer to 
the user device address/accommodation port correspondence 
table 21 that is learned, and learn the address of the self-RPR 
device and the user device address under the administration of 
the RPR device itself, and also set for the RPR device address/ 
user device address learning managing unit 20. 
The transmission position judgement unit 18 receives the 

packet to which the RPR header is added, and removes the 
RPR header of this packet, and instructs the user address 
retrieving unit 19 to retrieve the port number corresponding to 
the destination MAC address of this packet, and if receiving 
the corresponding port number from the user address retriev 
ing unit 19, transmits the packet from the accommodation 
port (user device interface) corresponding to this port num 
ber. 
The user address retrieving unit 19 retrieves the accommo 

dation port of the transmission destination user device corre 
sponding to the destination MAC address of the packet from 
the user device address/accommodation position learning 
table 21, in accordance with the instruction from the trans 
mission position judgment unit 18. If the corresponding 
accommodation port is found, this accommodation port (port 
number) is notified to the transmission position judgment unit 
18. 
The RPR device address/user device address learning man 

aging unit 20 manages an RPR-MAC address learning table 
20A (refer to FIG. 3) indicating the correspondence of the 
learned RPR device address/user device address. 

Note that, when the present invention uses the L2 grouping 
identifier, the L2 grouping identifier can be configured so as to 
be managed in the RPR device address/user device address 
learning managing unit 20. 
The user device address/accommodation position learning 

table 21 holds and manages a correspondence table (also 
referred to as “MAC Learning Table') indicating the corre 
spondence between the user device address and the accom 
modation port of the user device. 

Note that, the configuration of the RPR device shown in 
FIG. 2 can be attained, for example, by adding the modifica 
tion to the transmission RPR device judgment unit and recep 
tion datajudgment unit of the conventional RPR device (FIG. 
38) and also preparing the RPR device address retrieving unit 
13, the RPR device address learning unit 17 and the RPR 
device address/user device address learning managing unit 
20, instead of the IP routing controller. 

In the configuration shown in FIG. 2, the RPR-MAC 
address learning table managed by the RPR device address/ 
user device address learning managing unit 20 corresponds to 
a storage unit of the present invention. 

Also, the transmission RPR device judgment unit 12 and 
the RPR device address retrieving unit 13 correspond to trans 
fer controlling means of the present invention, the transmis 
sion RPR device judgment unit 12 corresponds to an adding 
unit of the present invention, and the RPR device address 
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retrieving unit 13 corresponds to a retrieving unit of the 
present invention. Also, the transmission ring selector 11 
corresponds to means for transmitting the data to the RPR 
network. 

Also, the reception data judgment unit 16 corresponds to 
receiving means of the present invention. Also, the RPR 
device address learning unit 17 and the RPR device address/ 
user device address learning managing unit 20 correspond to 
address learning means of the present invention, the RPR 
device address learning unit 20 corresponds to a judge of the 
present invention, and the RPR device address/user device 
address learning managing unit 20 corresponds to a registra 
tion unit of the present invention. 

<Operation> 
An operation according to the present invention is 

described with reference to FIGS. 2 to 5. 
(1) Packet Transmission Prior to MAC Address Learning 

(FIG. 3) 
In the present invention, unlike the conventional technique, 

the routing table is not created by using the L3 routing pro 
tocol, and the RPR device captures the packet to be broadcast 
transmitted, and a state in which the user device under the 
administration of the RPR device is connected is recognized 
from the MAC address learning, to create the correspondence 
table of the RPR device address/user device address. 

In the following explanation, FIG. 2 is referenced to 
explain the process in the RPR device, and FIG. 3 is refer 
enced to explain the position of each node and the process of 
frame (packet). 

At first, a maintenance person carries out the initial settings 
of the RPR devices I, II, III and IV constituting the RPR rings 
(FIG. 3: (1)). 

Each RPR device broadcast-transmits topology detection 
messages to the inner ring and the outer ring, in order to carry 
out the topology detection that is the conventional RPR tech 
nique. The topology detection message transmitted from each 
RPR device is received by another RPR device, and ring 
topology information is recognized. 

The topology detection message is periodically transmit 
ted. Then, each RPR device, when receiving the similar ring 
topology information continuously two times, creates the 
topology table with regard to the ring topology information. 
In this way, the topology map of the inner ring and outer ring 
is created by each RPR device. 

Note that, the topology map manages, for each node (RPR 
device) on the RPR ring, the MAC address (RPR device 
address), TTL (Time to Live: indicating the position to the 
RPR device itself) to the inner and outer rings, and the state 
(FIG. 3: (2)). 
The terminal A, when transmitting the packet to the termi 

nal B, transmits an ARP packet (ARP request packet) into a 
Subnet to which the terminal Abelongs, in order to recognize 
the MAC address of the router X from a known IP address 
(FIG. 3; (3)). 
The router X, when receiving the ARP packet, transmits the 

ARP response packet including its MAC address to the ter 
minal A (FIG.3; (4)). The terminal Acan recognize the MAC 
address of the router X specified as the destination MAC 
address, by receiving the ARP response packet. 
The terminal A, when recognizing the destination MAC 

address, firstly transmits a data packet to the router X, in order 
to transmit the packet to the terminal B (destination IP 
address: terminal B, FIG. 3: (5)). 
The router X transmits the ARP request packet into the 

subnet to which the terminal B belongs, in order to recognize 
the MAC address of the terminal B from the destination IP 
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14 
address (FIG. 3; (6)). Consequently, the ARP request packet 
is transferred to the RPR device I from the router X. 

In the RPR device I, the ARP packet from the router X is 
received at the port “a” The RPR device I recognizes the 
reception port of the ARP packet and the MAC address (the 
transmission source MAC address of the ARP packet) of the 
router X from the ARP packet at the reception user data 
judgment unit 14 shown in FIG. 2, and passes the ARP packet 
to the user address learning unit 15. 
The user address learning unit 15 learns the correspon 

dence between the MAC address of the router X recognized 
by the reception user data judgment unit 14 and the reception 
port, and creates the MAC learning table in the user device 
address/accommodation position learning table 21. 

In order to transmit the ARP packet into the RPR ring, the 
reception user datajudgment unit 14 passes the ARP packet to 
the transmission RPR device judgment unit 12. 

Note that, in the conventional technique (FIG. 38), the 
MAC learning table is created, the ARP response packet is 
transmitted to the router X to terminate the IP. After that, the 
data packet to be transmitted to the RPR device I from the 
router X is received. 
The transmission RPR device judgment unit 12 receiving 

the ARP packet from the reception user datajudgment unit 14 
passes the ARP packet to the RPR device address retrieving 
unit 13. 

Note that, in the conventional technique (FIG. 38), the IP 
routing controller receiving the data packet recognizes that 
the terminal B is connected to the RPR device III from the 
routing table, in accordance with the destination IP address of 
the data packet, and adds the RPR header where the destina 
tion RPR device MAC address is set as the MAC address of 
the RPR device III. 
The RPR device address retrieving unit 13 uses the desti 

nation MAC address of the ARP packet as a retrieval key, and 
retrieves the RPR-MAC address learning table (RPR device 
address/user device address correspondence table) 20A 
inside the RPR device address/user device address learning 
managing unit 20. 
At this time, if the destination RPR device address is 

unknown, the transmission RPR device judgment unit 12 
adds to the ARP packet, the RPR header in which the desti 
nation RPR device MAC address is set for abroadcast address 
and also the MAC address of the RPR device I is set for the 
transmission source RPR device MAC address, and passes to 
the transmission ring selector 11. Here, the destination RPR 
device address is assumed to be unknown. 
The transmission ring selector 11 transmits the RPR data 

packet to a selected ring, after selecting any one of the inner 
ring and the outer ring to which it is transmitted, in accor 
dance with the information of the RPR header and the topol 
ogy map. Here, the transmission ring selector 11 transmits the 
RPR data packet to the RPR device II, which is the adjacent 
RPR device by using the outer ring (FIG. 3; (8)). 
The reception data judgment unit 16 of the RPR device II 

receiving the RPR data packet from the RPR device I judges 
the destination MAC address of the RPR header (the destina 
tion RPR device MAC address). Here, the destination RPR 
device MAC address is the broadcast address. 

For this reason, the reception data judgment unit 16 passes 
the RPR data packet to the transmission ring selector 11 and 
the transmission position judgment unit 18. At this time, the 
reception datajudgment unit 16 passes the RPR data packet to 
even the RPR device address learning unit 17. 

Note that, in the conventional technique (FIG. 38), the 
reception data judgment unit passes the RPR data packet to 
the transmission ring selector and the IP routing controller. 
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The IP routing controller-receiving the RPR data packet rec 
ognizes that there is no terminal whose destination IP address 
is coincident under the administration of the RPR device II 
from the routing table, in accordance with the destination IP 
address extracted from the ARP packet, and discards the ARP 
packet. 
The RPR device address learning unit 17 receiving the 

RPR data packet uses the transmission source MAC address 
of the ARP packet in the RPR data packet as the retrieval key, 
and refers to the RPR-MAC address learning table within the 
RPR device address/user device address learning managing 
unit 20, and then judges whether or not the transmission 
Source user device address is learned. 

Here, it is assumed that the transmission source MAC 
address of the ARP packet has not been learned. In this case, 
the RPR device address learning unit 17 learns the correspon 
dence between the transmission source RPR device MAC 
address of the RPR header and the transmission source MAC 
address of the ARP packet from the RPR data packet, and the 
RPR device address/user device address learning managing 
unit 20 creates the RPR-MAC address learning table 20A. 

The transmission position judgement unit 18 removes the 
RPR header from the RPR data packet, and in accordance 
with the destination MAC address of the ARP packet (the 
broadcast), broadcast-transmits the ARP packet to the con 
nection device (user device) under the administration of the 
RPR device II. However, under the administration of the RPR 
device II, there is no user device whose destination IP address 
is coincident. Thus, none respond thereto under the adminis 
tration of the RPR device II. 
On the other hand, the transmission ring selector 11 receiv 

ing the RPR data packet from the reception data judgment 
unit 16 selects any one of the inner and outer rings to which it 
is transmitted, from the information of the RPR header. Here, 
the outer ring is used to transmit the RPR data packet to the 
RPR device III corresponding to the adjacent RPR device. 
When the RPR device III receives the RPR data packet 

from the RPR device II, similarly to the RPR device II, the 
reception data judgment unit 16 judges the destination MAC 
address of the RPR header. 
The destination MAC address of the RPR header is the 

broadcast address. Thus, the reception data judgment unit 16 
transmits the RPR data packet to the transmission ring selec 
tor 11 and passes to the RPR device address learning unit 17 
and the transmission position judgment unit 18. 
The RPR device address learning unit 17 learns the corre 

spondence between the transmission source RPR device 
MAC address of the RPR header and the transmission source 
MAC address of the ARP packet, and the RPR device address/ 
user device address learning managing unit 20 creates the 
RPR-MAC address learning table 20A. 
As for the RPR data packet which the transmission ring 

selector 11 receives from the reception datajudgment unit 16, 
the operations similar to the RPR device II are executed. 
Thus, the RPR data packet is transmitted to the RPR device 
IV. In the RPR device IV, the RPR-MAC address learning 
table (the correspondence between the MAC address of the 
RPR device I and the MAC address of the router X) is learned 
and created (FIG. 3; (9)). 
On the contrary, the transmission position judgement unit 

18, when receiving the RPR data packet from the reception 
data judgment unit 16, removes the RPR header from this 
RPR data packet and identifies the destination MAC address 
of this packet. 

At this time, the packet is the ARP packet, and the desti 
nation MAC address is the broadcast address. Thus, the trans 
mission position judgement unit 18 broadcast-transmits the 
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ARP packet to the user devices (all of the user interfaces) 
under the administration of the RPR device III, without any 
instruction to the user address retrieving unit 19 (FIG. 3; 
(10)). 
At this time, the ARP packet is transmitted even from the 

user interface (accommodation port) “b' corresponding to the 
terminal B, and arrives at the terminal B through a layer 2 
switch (L2SW) Y. In this way, the ARP packet transmitted 
from the router X is received by the terminal B. 

According to the above-mentioned operations, each RPR 
device on the ring captures the RPR data packet broadcast 
transmitted and extracts its transmission source RPR device 
MAC address and transmission source MAC address. 

Consequently, the correspondence between the RPR 
device address and the MAC address can be learned to create 
the correspondence table between the RPR device address 
and the user device address (the MAC-RPR address learning 
table 20A). Thus, each RPR device can recognize the user 
device under the administration thereof, which is connected 
to each RPR device. 

In the above-mentioned example, the MAC-RPR learning 
table 20A indicating the correspondence between the MAC 
address of the router X and the MAC address of the RPR 
device I is created by each of the RPR devices I to IV. 

Consequently, each of the respective RPR devices I to IV 
can recognize that the router X is connected as the user device 
under the administration of the RPR device I. 

(2) Packet Transmission after MAC Address Learning 
(FIG. 4) 
The present invention does not recognize the RPR device 

having the user device under the administration thereof, from 
the routing table created by using the L3 routing protocol, 
unlike the conventional technique, but recognizes the RPR 
device to which the user device is connected from the RPR 
MAC address learning table 20A created by the RPR device, 
and consequently allows the packet to be transmitted and 
received between the user devices. In the following explana 
tion, FIG. 2 is referenced to explain the process in the RPR 
device, and FIG. 4 is referenced to explain the position of each 
node and the process of frame. 
The terminal B receiving the ARP packet through the 

operations shown in FIG. 3 transmits the ARP response 
packet to the router X (FIG. 4; (11)). 

In the RPR device III, the ARP response packet transmitted 
from the terminal B is received through the layer 2 switch Yat 
the port “b.” Then, the reception user datajudgment unit 14 of 
the RPR device III passes the ARP response packet to the 
transmission RPR device judgment unit 12 and the user 
address learning unit 15. 
The user address learning unit 15 learns the correspon 

dence between the MAC address of the terminal B judged by 
the reception user data judgment unit 14 and the port “b' 
receiving the ARP response packet, and sets this correspon 
dence for the user device address/accommodation position 
learning table (MAC learning table) 21. 

In this way, the user address learning unit 15 creates the 
MAC learning table 21 indicating the correspondence 
between the user device address and the accommodation 
position. 
The transmission RPR device judgment unit 12 receiving 

the ARP response packet from the reception user data judg 
ment unit 14 passes to the RPR device address retrieving unit 
13, in order to transfer the ARP response packet in the RPR 
ring by transparent. 

Consequently, a determining process for the destination 
(the destination RPR device MAC address) in the RPR net 
work to the ARP response packet is carried out (FIG. 4; (12)). 
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Note that, in the conventional technique (FIG.38), the RPR 
device terminates IP. Thus, the IP routing controller extracts 
the destination IP address from the ARP response packet, and 
recognizes that the router X exists forward of the RPR device 
I from the routing table. 
The RPR device address retrieving unit 13 receiving the 

ARP response packet uses the destination MAC address of 
the ARP response packet (the MAC address of the router X) as 
the retrieval key, and retrieves the RPR-MAC address learn 
ing table 20A of the RPR device address/user device address 
learning managing unit 20. 

At this time, as the RPR device MAC address correspond 
ing to the destination MAC address, the MAC address of the 
RPR device I is detected. Consequently, it is possible to 
recognize that the router X exists forward (under the admira 
tion) of the RPR device I can be recognized. 

The transmission RPR device judgment unit 12 receives 
the destination RPR device MAC address (the MAC address 
of the RPR device I) corresponding to the destination MAC 
address as the retrieval result from the RPR device address 
retrieving unit 13. 

Then, the transmission RPR device judgment unit 12 deter 
mines the MAC address of the RPR device I as the destination 
RPR device MAC address of the ARP response packet. Then, 
the transmission RPR device judgment unit 12 adds the RPR 
header, in which the MAC address of the RPR device I is set 
as the destination RPR device MAC address, to the ARP 
response packet, and consequently creates the RPR data 
packet, and then passes to the transmission ring selector 11. 
The transmission ring selector 11 selects any one of the 

inner and outer rings to which the RPR data packet is trans 
mitted, from the information of the RPR header. Here, the 
inner ring is used to transfer the RPR data packet to the RPR 
device II which is the adjacent RPR device (FIG. 4; (13)). 
The reception data judgment unit 16 receiving the RPR 

data packet from the RPR device III judges the destination 
MAC address of the RPR header. The destination MAC 
address of the RPR header is the MAC address of the RPR 
device I, and it is different from the self-node MAC address 
(the MAC address of the RPR device II). 

In this case, the reception data judgment unit 16 passes the 
RPR data packet to the transmission ring selector 11 and the 
RPR device address learning unit 17, without passing the 
RPR data packet to the transmission position judgement unit 
18. 

Note that, in the conventional technique (FIG. 38), the 
reception data judgment unit passes to the transmission ring 
selector without passing the RPR data packet to the IP routing 
controller. 
The RPR device address learning unit 17 uses the trans 

mission source MAC address of the ARP response packet as 
the retrieval key, and retrieves the RPR-MAC address learn 
ing table inside the RPR device address/user device address 
learning managing unit 20. Here, it is assumed that the MAC 
address corresponding to the retrieval key (the MAC address 
of the terminal B) is not learned. 

In this case, the RPR device address learning unit 17 learns 
the correspondence between the transmission source MAC 
address of the RPR header (the MAC address of the RPR 
device III) and the transmission source MAC address of the 
ARP response packet from the RPR data packet, and creates 
the RPR-MAC address learning table 20A indicating this 
correspondence inside the RPR device address/user device 
address learning managing unit 20. 
The transmission ring selector 11, when receiving the RPR 

data packet, selects any one of the inner and outer rings to 
which the RPR data packet is transmitted, from the informa 
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tion of the RPR header. Here, the transmission ring selector 
11 uses the inner ring to transmit the RPR data packet to the 
RPR device I which is the adjacent RPR device. 
When the RPRI receives the RPR data packet from the 

RPR device II, similarly to the RPR device II, the reception 
datajudgment unit 16 judges the destination MAC address of 
the RPR header. 

Here, the destination MAC address of the RPR header is 
coincident with the self-node MAC address (MAC address of 
the RPR device itself). Thus, the reception datajudgment unit 
16 passes the RPR data packet to the RPR device address 
learning unit 17 and the transmission position judgment unit 
18 without passing the RPR data packet to the transmission 
ring selector 11. 

Note that, in the conventional technique (FIG. 38), the 
reception data judgment unit passes the RPR data packet to 
the IP routing controller. The IP routing controller recognizes 
the existence of the router X under the administration of the 
RPR device I from the routing table, in accordance with the 
destination IP address extracted from the ARP response 
packet, and passes the ARP response packet to the transmis 
sion position judgement unit. 
The RPR device address learning unit 17 learns the corre 

spondence between the transmission source MAC address of 
the RPR header and the transmission source MAC address of 
the ARP response packet, if the transmission source RPR 
device MAC address has not been learned, and the RPR 
device address/user device address learning managing unit 20 
creates the RPR-MAC address learning table 20A. 
The transmission position judgment unit 18, when receiv 

ing the RPR data packet from the reception data judgment 
unit 16, removes the RPR header from the RPR data packet. 
In Succession, the transmission position judgment unit 18 
judges whether or not the destination MAC address of the 
ARP response packet is the broadcast address. 

Here, since the destination MAC address is not the broad 
cast address, the destination MAC address of the ARP 
response packet is passed to the user address retrieving unit 
19. 

The user address retrieving unit 19 uses the destination 
MAC address as the retrieval key and retrieves the MAC 
address learning table (user device address/accommodation 
position learning table 21). Here, as the port number corre 
sponding to the destination MAC address (the MAC address 
of the router X), the port “a” is retrieved. Then, the user 
address retrieving unit 19 notifies the transmission position 
judgment unit 18 of this port number. 
The transmission position judgment unit 18, when receiv 

ing the port number of the port “a” as the retrieval result from 
the user address retrieving unit 19, transmits the ARP 
response packet from the user device interface corresponding 
to the port “a” 
As mentioned above, the ARP response packet transmitted 

from the terminal B is received by the router X (FIG. 4; (14)). 
The router X, when receiving the ARP response packet 

from the RPR device I, transmits the data packet (MAC 
frame) received from the terminal A to the terminal B. The 
RPR device I has already learned the fact that the terminal B 
is connected to the RPR device III. 

For this reason, the router X transfers the data packet, to 
which the RPR header where the MAC address of the RPR 
device III is set for the destination RPR device MAC address 
is added, to the RPR device III. Then, the RPR device III 
transmits the data packet, from which the RPR header is 
removed, from the port “b.” Consequently, the data packet 
from the terminal A arrives at the terminal B. 
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After that, when the data packet (MAC frame) is transmit 
ted to the terminal A from the terminal B, the RPR device III 
adds the RPR header, in which the MAC address of the RPR 
device I is set as the destination RPR device address, to the 
data packet, and transfers to the RPR device I. The RPR 
device I transmits the data packet, from which the RPR header 
is removed, from the port “a” to the router X. The router X 
transmits the data packet to the terminal A. 

According to the above-mentioned operation, between the 
time when the router X transmits the ARP packet to the RPR 
device I and the time when the ARP response packet is 
received from the RPR device I, each RPR device learns the 
correspondence between the transmission source RPR device 
MAC address and the transmission source MAC address. 

Thus, after that, the transmission/reception of the data 
packet can be executed without transmitting the broadcast 
packet between the terminal A and the terminal B. 

That is, by recognizing the RPR device to which the trans 
mission destination user device is connected from the corre 
spondence table (the RPR-MAC address learning table 20A) 
of the RPR device address/user device address created by the 
MAC address learning in the RPR device, the packet trans 
mission/reception becomes possible between the user 
devices. 

(3) Packet Transmission Using L2 Grouping Identifier 
(FIG. 5) 

In the present invention, the L2 grouping identifier can be 
set for each RPR device. Consequently, the filtering can be 
performed in such a way that each RPR device captures only 
the RPR data packet addressed to the self-RPR device (the 
RPR device itself). 

In the following explanation, FIG. 2 is referred to explain 
the operations of the components of the RPR device, and the 
position of each node and the process of frame are explained 
with reference to FIG. 5. 

In the network system shown in FIG. 5, the terminal A, the 
router X, the RPR devices I and III, and the terminal B are 
assumed to belong to a first L2 group (registration L2 group 
ing identifier: 1), and the RPR devices II and IV are assumed 
to belong to a second L2 group (registration L2 grouping 
identifier: 2). 
The operations from the time when the respective RPR 

devices I to IV create the topology map, and the router X 
transmits the ARP packet using the L2 grouping identifier to 
the RPR device I, until the time when the RPR device I adds 
the RPR header and transmits the RPR data packet to the RPR 
device II are similar to the operations in the above-mentioned 
(1). 
When the RPR device II receives the RPR data packet from 

the RPR device I, the reception data judgment unit 16 of the 
RPR device II judges whether or not the RPR data packet uses 
the L2 grouping identifier (whether or not the L2 grouping 
identifier is set for the RPR data packet). 

At this time, if the L2 grouping identifier is used, the 
reception datajudgment unit 16 judges whether or not a value 
of the L2 grouping identifier is coincident with a value (reg 
istration L2 grouping identifier: 1) registered in the self-node 
(RPR device ifself). 

Here, the value of the L2 grouping identifier of the RPR 
data packet is not coincident with the value of the L2 grouping 
identifier registered in the self-node. In this case, the RPR 
device II does not execute the judgment of the destination 
MAC address of the RPR header and the learning of the 
correspondence between the transmission source RPR device 
address and the transmission source user device address. 

That is, if the value of the L2 grouping identifier is differ 
ent, the reception data judgment unit 16, though the value of 
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the destination MAC address of the RPR header is by speci 
fied broadcast, does not receive this RPR data packet (does 
not pass to the RPR device address learning unit 17 and the 
transmission position judgment unit 18) and passes only to 
the transmission ring selector 11. 
The transmission ring selector 11 having received the RPR 

data packet from the reception data judgment unit 16 selects 
any one of the inner and outer rings to which the RPR data 
packet is transmitted, from the information of the RPR 
header. Here, the outer ring is used to transmit the RPR data 
packet to the RPR device III, which is the adjacent RPR 
device. 
When the RPR device III receives the RPR data packet 

from the RPR device II, the reception datajudgment unit 16 of 
the RPR device III judges whether or not the L2 grouping 
identifier is set for the RPR data packet, similarly to the RPR 
device II. Here, the value of the L2 grouping identifier of the 
RPR data packet is coincident with the value (registration L2 
grouping identifier: 1) registered in the self-node. 

In this case, the reception data judgment unit 16 judges the 
destination MAC address of the RPR header, and the desti 
nation MAC address is the broadcast address. Thus, the RPR 
data packet is passed to the RPR device address learning unit 
17 and the reception data judgment unit 16. 
The RPR device address learning unit 17 learns the corre 

spondence between the transmission source MAC address of 
the RPR header and the transmission source MAC address of 
the ARP packet, similarly to the (1). The RPR device address/ 
user device address learning managing unit 20 creates the 
RPR-MAC address learning table 20A. 
The transmission ring selector 11, when receiving the RPR 

data packet, carries out the operations similar to the RPR 
device II. That is, the RPR data packet is transmitted from the 
RPR device III to the RPR device IV. 
The RPR device IV, since the L2 grouping identifier of the 

RPR data packet is not coincident with the value of the self 
node, carries out the operations similar to the RPR device II, 
and does not learn the correspondence between the transmis 
sion source RPR device address related to the RPR data 
packet and the user device address. 
The transmission position judgment unit 16, when receiv 

ing the RPR data packet from the reception data judgment 
unit 16, removes the RPR header, and broadcast-transmits the 
ARP packet to the user device under the administration of the 
RPR device III. 

Since the operations after this are similar to the above 
mentioned (1) and (2), their explanations are omitted. In this 
way, when the L2 grouping identifier is applied to the present 
invention, by using the L2 grouping identifier set for each 
RPR device, each RPR device carries out the filtering process 
so that only the RPR data packet addressed to the RPR device 
itself is captured. 

Consequently, only the RPR-MAC address learning table 
of the RPR data packet related to the self-RPR device can be 
created. That is, it is not necessary to create the unnecessary 
RPR-MAC address learning table. Also, it is possible to sup 
press the transmission of the unnecessary broadcast address 
to the user device interface. 

MODIFIED EXAMPLE 

The configuration of the RPR device explained by referring 
to FIG. 2 to FIG. 5 can be modified as explained below. 

In the above-mentioned operations, the reception data 
judgment unit 16, if the destination RPR device address of the 
RPR header of the RPR data packet is addressed to the RPR 
device ifself, passes the RPR data packet to the transmission 
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position judgment unit 18 and the RPR device address learn 
ing unit 17, and if the destination RPR device address is the 
broadcast address, passes the RPR data packet to the trans 
mission ring selector 11, the transmission position judgment 
unit 18 and the RPR device address learning unit 17, and if the 
destination RPR device address is the RPR data packet other 
than them, passes to the transmission ring selector 11 and the 
RPR device address learning unit 17. 

That is, the reception datajudgment unit 16, if the RPR data 
packet should be captured by its own device, is configured so 
as to pass this RPR data packet to the transmission position 
judgment unit 18. 

Here, the reception data judgment unit 16 can be config 
ured so as to pass the RPR data packet to the RPR device 
address learning unit 17 and the transmission position judg 
ment unit 18 at Substantially the same time, if passing the 
RPR data packet to the transmission position judgment unit 
18. 

In this case, the transferring process for the RPR data 
packet and the learning process for the RPR-MAC address are 
executed in parallel (the RPR device address learning unit 17 
discards the RPR data packet after the process thereof). 
On the contrary, it is possible to adopt such a configuration 

that the reception data judgment unit 16 once passes the RPR 
data packet to the RPR device address learning unit 17, the 
RPR device address learning unit 17 returns the RPR data 
packet to the reception datajudgment unit 16 after the process 
thereof, and the reception data judgment unit 16 passes the 
RPR data packet to the transmission position judgment unit 
18. 

This case does not require the process that the reception 
data judgment unit 16 generates a copy of the RPR data 
packet and passes to the RPR device address learning unit 17. 

Instead of the above-mentioned configuration, it is possible 
to adopt Such a configuration that the reception datajudgment 
unit 16, if the destination RPR device address of the RPR data 
packet is addressed the RPR device itself, passes the RPR data 
packet to the RPR device address learning unit 17 without 
passing to the transmission position judgment unit 18, and the 
RPR device address learning unit 17 passes the RPR data 
packet to the transmission position judgment unit 18 after the 
learning process. 

Also, it is possible to adopt Such a configuration that, if the 
destination RPR device address is the broadcast address, the 
reception datajudgment unit 16 passes the RPR data packet to 
the RPR device address learning unit 17, and the RPR device 
address learning unit 17 passes the RPR data packet to the 
transmission ring selector 11 and the transmission position 
judgment unit 18 after the learning process. 

Moreover, it is possible to adopt Such a configuration that, 
if the destination RPR device address is not addressed to its 
own device and not by specified broadcast, the reception data 
judgment unit 16 passes the RPR data packet to the RPR 
device address learning unit 17, and the RPR device address 
learning unit 17 passes the RPR data packet to the transmis 
sion ring selector 11 after the learning process. That is, it is 
possible to adopt such a configuration that the RPR data 
packet is passed between the components only one time. 

Also, in the above-mentioned configuration, the reception 
user data judgment unit 14 passes the packet received from 
the user device interface, to the transmission RPR device 
judgment unit 12 and the user address learning unit 15. 

Here, the reception user data judgment unit 14 can be 
configured so as to pass the packet to the transmission RPR 
device judgment unit 12 and the user address learning unit 15 
at almost the same time, similarly to the reception data judg 
ment unit 16. On the contrary, the reception user data judg 
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ment unit 14 may be configured so as to once pass the packet 
to the user address learning unit 15, and receive the packet 
from the user address learning unit 15 after the completion of 
the process of the user address learning unit 15, and then pass 
to the transmission RPR device judgment unit 12. 

Moreover, the reception user data judgment unit 14 may be 
configured so as to pass the packet only to the user address 
learning unit 15 and pass the packet to the transmission RPR 
device judgment unit 12 after the user address learning unit 15 
carries out the learning process. 

Moreover, in the case where the L2 grouping identification 
is used, the reception data judgment unit 16 is configured so 
as to directly refer to the L2 grouping identifier of the self 
node managed by the RPR device address/user device address 
learning managing unit 20, for the sake of the collating pro 
cess with the L2 grouping identifier. 

Instead of this configuration, it can be configured such that 
the reception data judgment unit 16 receives the L2 grouping 
identifier of the self-node from the RPR device address learn 
ing unit 17, in linkage with the RPR device address learning 
unit 17, and carries out the collating process with the L2 
grouping identifier set for the RPR data packet. 

Also, in the above-mentioned operation example, the ARP 
packet is transferred through the outer ring from the RPR 
device I to the RPR device III, and the ARP response packet 
is transferred through the inner ring from the RPR device III 
to the RPR device I. However, in the present invention, the 
route of the RPR data packet (difference between the inner/ 
outer rings) can be properly set. 

EMBODIMENT 

An embodiment of the present invention will be described 
below. The phrases used in the following embodiment are 
explained below. 
The “ring topology information' includes information on 

the MAC address of the RPR device existing on the ring 
network, the number of hops from the self-RPR device, and 
the like. 
The “Topology Map” means the table storing the ring 

topology information collected in the topology detection. 
The “VLAN ID is the identifier for identifying VLAN 

(Virtual LAN), and a unique value in the layer 2 network, and 
corresponds to the above-mentioned “L2 Grouping Identi 
fier”. 
The “RPR data packet' is the packet (MAC frame) to 

which the RPR header is added. In the RPR ring network, the 
packet (MAC frame) from the outside of the ring is encapsu 
lated on the basis of a format (including the RPR header) in 
accordance with the RPR, and transferred on the ring. 
The RPR header includes: the MAC address of the RPR 

device of the transmission Source (the transmission Source 
RPR device MAC address); and the MAC address of the RPR 
device of the destination (the destination RPR device MAC 
address), as the information indicating the transmission 
source and destination in the RPR ring network. 

FIG. 6 to FIG. 36 are explanation views of an embodiment 
of the present invention. FIG. 6 is a view showing a network 
configuration example in the embodiment. FIG. 7 is a view 
showing a network configuration under an administration of 
an RPR device 4 in the embodiment. FIG. 8 is a view showing 
a network configuration under an administration of an RPR 
device 5 in the embodiment. FIG. 9 is a view showing a 
network configuration under an administration of an RPR 
device 6 in the embodiment. 

Also, FIG. 10 is a format explanatory view of a topology 
detection message in the embodiment. FIG. 11 is an explain 
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ing view of the set information of the topology detection 
message in the embodiment. FIG. 12 is a format explaining 
view of an ARP request packet in the embodiment. FIG. 13 is 
an explaining view of the set information of the ARP request 
packet in the embodiment. FIG. 14 is a view showing a MAC 
address learning table of the RPR device 4. FIG. 15 is a 
flowchart showing a process of a transmission RPR device 
judgment unit in the embodiment. FIG.16 is a format explain 
ing view of an RPR data packet (ARP request) in the embodi 
ment. FIG. 17 is an explaining view of the set information of 
the RPR data packet (ARP request) in the embodiment. FIGS. 
18A and 18B are flowcharts showing a process of a reception 
data judgment unit in the embodiment. FIG. 19 is a flowchart 
showing a process of an RPR device address learning unit in 
the embodiment. 

Also, FIG. 20 is a flowchart showing a process of an RPR 
device address/user device address learning managing unit in 
the embodiment. FIG. 21 is a view showing an RPR-MAC 
address learning table in each of the RPR devices 5 and 6. 
FIG. 22 is a format explaining view of an ARP response 
packet in the embodiment. FIG. 23 is an explaining view of 
the set information of the ARP response packet in the embodi 
ment. FIG. 24 is a view showing the MAC address learning 
table of the RPR device 6. FIG. 25 is a flowchart showing a 
process of an RPR device address retrieving unit in the 
embodiment. FIG. 26 is a format explaining view of an RPR 
data packet (ARP response) in the embodiment. FIG. 27 is an 
explaining view of the set information of the RPR data packet 
(ARP response) in the embodiment. FIG. 28 is a view show 
ing the RPR-MAC address learning table after the RPR 
device 5 is updated. FIG.29 is a view showing the RPR-MAC 
address learning table of the RPR device 4. 

Also, FIG.30 is a view showing one network configuration 
example (when the L2 grouping identifier is used) in the 
embodiment. FIG. 31 is a view showing a VLAN ID regis 
tration table of the RPR device 5. FIG. 32 is a view showing 
a VLAN ID registration table of the RPR device 6. FIG.33 is 
a format explaining view of an ARP request packet (when the 
L2 grouping identifier is used) in the embodiment. FIG.34 is 
an explaining view of the set information of the ARP request 
packet (when the L2 grouping identifier is used) in the 
embodiment. FIG. 35 is a format explaining view of an RPR 
data packet (when the L2 grouping identifier is used) in the 
embodiment. FIG. 36 is an explaining view of the set infor 
mation of the RPR data packet (when the L2 grouping iden 
tifier is used) in the embodiment. 

FIG. 6 shows the network configuration example in the 
embodiment. In this embodiment, the case where the packet is 
transmitted and received between a user device A and a user 
device E in FIG. 6 is explained. 

In the RPR device, both of an L2 device and an L3 device 
can be connected as the user devices. For this reason, FIG. 6 
shows the router X connected to the RPR device 4 and a 
bridge Z connected to the RPR device 5 and a bridge Y 
connected to the RPR device 6, as the example of the user 
device. 

Also, any kind of traffic that can be transmitted in the 
present invention may be used with no particular limitations 
as long as the RPR can transmit it, and it is not especially 
limited. However, this embodiment employs an IP traffic. 

FIG. 7 shows the network configuration under the admin 
istration of the RPR device 4. The RPR device 4 has a MAC 
address "00-E0-00-24-04' and includes the router X in its 
accommodation port (port “a”). The router X has a MAC 
address “OO-E0-00-33-01. 

Also, the router Xincludes the user devices A to C. Each of 
the user devices A to C is, for example, an IP terminal. The 
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user device A has a MAC address “00-E0-00-11-01’, the user 
device B has a MAC address “00-E0-00-00-11-02', and the 
user device C has a MAC address “OO-E0-00-00-11-03. 

FIG. 8 shows the network configuration under the admin 
istration of the RPR device 5. The RPR device 5 has a MAC 
address “00-E0-00-00-22-05” and includes the bridge Z in its 
accommodation port (port “a”). The user device (for example, 
the IP terminal) G is connected to the bridge Z. The user 
device F has a MAC address “OO-E0-00-00-11-07. 

FIG. 9 shows the network configuration under the admin 
istration of the RPR device 6. The RPR device 6 has a MAC 
address “00-E0-00-00-22-06” and includes the bridge Yin its 
accommodation port (port “a”). The user devices D to Fare 
connected as the user device (for example, the IP terminal) to 
the bridge Y. 
The user device D has a MAC address “OO-E0-00-00-11 

04, the user device E has a MAC address “00-E0-00-00-11 
05°, and the user device F has a MAC address “00-E0-00-00 
11-06. 

FIRST OPERATION EXAMPLE 

Case of Using No L2 Grouping Identifier 

At first, as the first operation example in the embodiment, 
the operations of the respective RPR devices 1 to 6 until the 
time when the user device E receives the packet transmitted 
by the user device A as shown in FIG. 6 are explained with 
regard to the case of using no L2 grouping identifier. Among 
the respective RPR devices 1 to 6, at least the RPR devices 4, 
5, and 6 have the configurations and functions shown in FIG. 
2. 

Each of the RPR devices 1 to 6 on the ring network learns 
the connection configuration inside the ring by using the 
topology detection function that is the existing RPR tech 
nique. Each of the RPR devices 1 to 6 broadcast-transmits the 
topology detection message, in order to perform the topology 
detection on the inner ring and the outer ring. The topology 
detection message has the format shown in FIG. 10. The RPR 
header of the topology detection message at this time has the 
set value shown in FIG. 11. 

For example, the topology detection message transmitted 
from the RPR device 1 is received by each of the RPR devices 
1 to 6, and the ring topology information is recognized. Each 
of the RPR devices 1 to 6, when receiving the topology 
detection message, compares the transmission source RPR 
MAC address with the MAC address of the Self-RPR device. 

The RPR device 1 of the transmission source judges that 
the topology detection message makes a round of the ring, 
because the transmission source RPR-MAC address and the 
MAC address of the self-RPR device are coincident. The 
same applies to the remaining RPR devices 2 to 5. 
The topology detection message is periodically transmit 

ted. One RPR device, when receiving the topology detection 
message having the similar ring topology information con 
tinuously two times, creates a topology map. 

After that, when the change occurs in the topology, each 
RPR device updates the topology map if receiving the topol 
ogy detection message having the ring topology information 
after the topology change, continuously two times. In this 
way, the topology maps of the inner and outer rings are 
created in each of the RPR devices 1 to 6. 
The user device A, when transmitting the packet to the user 

device E, recognizes that an IP address (known) of the user 
device E is outside the subnetto which it belongs. In this case, 
the user device A transmits the ARP request packet into the 
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subnet to which it belongs, in order to recognize the MAC 
address of the router X which is a gateway to a different 
subnet. 
The router X, when receiving the ARP request packet, 

transmits the ARP response packet including its MAC 
address to the user device A. 
The user device A, when receiving the ARP response 

packet, recognizes a MAC address=00-E0-00-33-01 of the 
router X that becomes the destination MAC address of the 
packet. The user device A, when recognizing the destination 
MAC address (the MAC address of the router X), transmits 
the data packet to the router X, in order to transmit the packet 
to the user device E. 

The router X transmits the ARP request packet into the 
subnet to which the user device E belongs, in order to recog 
nize the MAC address of the user device E from the destina 
tion IP address in the data packet. FIG. 12 shows a packet 
format of the ARP request packet transmitted from the router 
X, and FIG. 13 shows the set value of the MAC header of the 
ARP request packet. 
As shown in FIG. 13, the destination MAC address is set 

for the broadcast (FF-FF-FF-FF-FF-FF). As the transmission 
source MAC address, the MAC address of the router X is set. 
As a type, ARP request' is set. 

In the RPR device 4, the ARP request packet from the 
router X is received at the port “a” The reception user data 
judgment unit 14 of the RPR device 4 passes the ARP request 
packet to the user address learning unit 15. 
The user address learning unit 15 learns the correspon 

dence between the MAC address=00-E0-00-00-33-01 of the 
router Xjudged by the reception user data judgment unit 14 
and the port “a” receiving the ARP request packet, and creates 
a MAC learning table, as shown in FIG. 14, on the user device 
address/accommodation position learning table 21. 
The reception user data judgment unit 14 passes the ARP 

request packet to the transmission RPR device judgment unit 
12 after the MAC address learning of the user address learn 
ing unit 15. 
The transmission RPR device judgment unit 12, when 

receiving the ARP request packet from the reception user data 
judgment unit 14, executes the process shown in FIG. 15. 
Here, FIG. 15 is used to explain the processing flow of the 
transmission RPR device judgment unit 12. The transmission 
RPR device judgment unit 12, when receiving the packet 
(Step S00), judges whether or not the destination MAC 
address of the packet is the broadcast address (Step S01). 

At this time, the transmission RPR device judgment unit 
12, if it is the broadcast address (S01; YES), obtains the 
broadcast address as the destination RPR device MAC 
address (Step S02), and if it is not the broadcast address (S01; 
NO), passes the packet to the RPR device address retrieving 
unit 13 and receives the destination RPR device MAC address 
from the RPR device address retrieving unit 13. 

Then, the transmission RPR device judgment unit 12 adds 
the RPR header including the destination RPR device MAC 
address obtained at the step S02 or S03 to the packet, and 
passes to the transmission ring selector 11 (Step S04). 
When the processing flow shown in FIG. 15 is applied to 

the process for the ARP request packet from the router X 
(corresponding to the user device), the following is derived. 
That is, the transmission RPR device judgment unit 12 judges 
whether or not the destination MAC address of the ARP 
request packet is the broadcast address (S01). 

Here, the destination MAC address of the ARP request 
packet is the broadcast address=FF-FF-FF-FF-FF-FF (refer 
to FIGS. 16 and 17). For this reason, the transmission RPR 
device judgment unit 12 obtains the broadcast address as the 
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destination RPR device MAC address (S02), adds the RPR 
header, in which the destination RPR device MAC address is 
set for the broadcast address, to the ARP request packet, and 
passes to the transmission ring selector 11 (S04). 
The RPR data packet including the ARP request passed 

from the transmission RPR device judgment unit 12 to the 
transmission ring selector 11 has the format shown in FIG.16. 
The RPR header of this RPR data packet has a set value shown 
in FIG. 17. 
The transmission ring selector 11 selects any one of the 

inner and outer rings to which the RPR data packet is trans 
mitted, from the information of the RPR header. Here, the 
outer ring is used to transmit the RPR data packet to the RPR 
device 5 which is the adjacent RPR device. 
The operations of the RPR device5 receiving the RPR data 

packet (FIGS. 16 and 17) from the RPR device 4 will be 
described below. When the RPR device 5 receives the RPR 
data packet from the RPR device 4, the reception data judg 
ment unit 16 of the RPR device 5 executes the processing flow 
shown in FIGS. 18A and 18B. 

Here, the processing flows shown in FIGS. 18A and 18B 
are explained. The reception data judgment unit 16, when 
receiving the RPR data packet from the adjacent RPR device 
(Step S000), judges whether or not a VLAN tag (VLANTag) 
is added to the RPR data packet. 
At this time, if the VLAN tag is added (S001: YES), the 

process proceeds to a step S002, and if it is not added (S001; 
NO), the process proceeds to a step S004. 
At the step S002, the reception data judgment unit 16 

indexes a VLAN-ID table (managed by the RPR device 
address/user device address learning managing unit 20) by 
using VLAN-ID in the VLAN tag of the RPR data packet, and 
judges whether or not this VLAN-ID is registered as the 
VLAN-ID of the self-node (the RPR device itself). 
At this time, if the VLAN-ID is registered (S002;YES), the 

process proceeds to a step S004, and if it is not registered 
(S002: NO), the process proceeds to a step S003. 
At the step S003, the reception data judgment unit 16 

passes the RPR data packet to the transmission ring selector 
11 and then ends the processing flow. 
At the step S004, the reception data judgment unit 16 

judges the destination MAC address of the RPR header (the 
RPR device MAC address). At this time, if the destination 
MAC address is the MAC address of the self-node (S004; 
self-node), the process proceeds to a step S005, and if it is the 
broadcast address (S004; broadcast) the process proceeds to a 
step S007, and if it is a different address (S004; others), the 
process proceeds to a step S011. 
At the step S005, the reception data judgment unit 16 

passes the RPR data packet to the RPR device address learn 
ing unit 17, and the process proceeds to a step S006. Passing 
through the step S005, the RPR device address learning unit 
17 learns the correspondence between the transmission 
source MAC address of the RPR header and the transmission 
source MAC address of the packet (which will be described 
later). 
At the step S006, the reception data judgment unit 16 

passes the RPR data packet to the transmission position judg 
ment unit 18 and ends the processing flow. 
At a step S007, the reception data judgment unit 16 judges 

whether or not the transmission source MAC address of the 
RPR header is the MAC address of the self-node. At this time, 
if the transmission source MAC address is the MAC address 
of the self-node (S007. YES), the process proceeds to a step 
S010, and if it is not the objective one (S007:NO), the process 
proceeds to a step S008. 
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At the step S008, the reception data judgment unit 16 
passes the RPR data packet to the RPR device address learn 
ing unit 17, and the process proceeds to a step S009. Passing 
through the step S008, the RPR device address learning unit 
17 learns the correspondence between the transmission 
source MAC address of the RPR header and the transmission 
source MAC address of the packet (which will be described 
later). 

At the step S009, the reception data judgment unit 16 
passes the RPR data packet to the transmission position judg 
ment unit 18 and the transmission ring selector 11 and ends 
the processing flow. 

At the step S010, the reception data judgment unit 16 
discards the RPR data packet because this is transmitted from 
itself, and ends the processing flow. 

At a step S011, the reception data judgment unit 16 passes 
the RPR data packet to the RPR device address learning unit 
17, and the process proceeds to a step S012. Passing through 
the step S011, the RPR device address learning unit 17 learns 
the correspondence between the transmission source MAC 
address of the RPR header and the transmission source MAC 
address of the packet (which will be described later). 

At the step S012, the reception data judgment unit 16 
passes the RPR data packet to the transmission ring selector 
11 and ends the processing flow. 
When the processing flows shown in FIGS. 18A and 18B 

are applied to the process for the RPR data packet from the 
RPR device 4, the following is obtained. That is, the reception 
data judgment unit 16 of the RPR device 5 judges the pres 
ence or absence of the VLAN tag (S001). 

At this time, the VLAN tag is not added to the RPR data 
packet (FIG. 16). Thus, the reception data judgment unit 16 
judges the destination MAC address of the RPR header 
(S004). 
The destination MAC address of the RPR header is the 

broadcast address=FF-FF-FF-FF-FF-FF. Thus, the reception 
data judgment unit 16 judges whether or not the transmission 
source MAC address of the RPR header is the MAC address 
of the self-node (S007). 

At this time, the transmission source MAC address of the 
RPR header is “00-E0-00-00-22-04, which is different from 
the self-node MAC address (FIG. 8). Thus, the reception data 
judgment unit 16 passes the RPR data packet to the RPR 
device address learning unit 17 (S008) and further passes 
even to the transmission position judgment unit 18 and the 
transmission ring selector 11 (S009). 

At the step S008, since the RPR data packet is passed to the 
RPR device address learning unit 17, the RPR device address 
learning unit 17 executes the processing flow shown in FIG. 
19. 

Here, FIG. 19 is referenced to explain the processing flow 
of the RPR device address learning unit 17. The processing 
flow shown in FIG. 19 is executed by executing the steps S005 
and S011 shown in FIG. 18A. 
The RPR device address learning unit 17, when receiving 

the RPR data packet from the reception datajudgment unit 16 
(Step S100), extracts the transmission source MAC address as 
a transmission source user device address from the RPR data 
packet, uses this transmission source MAC address as the 
retrieval key, and judges whether or not the transmission 
source user device address coincident with the retrieval key is 
learned (registered) in the RPR-MAC address learning table 
20A of the RPR device address/user device address learning 
managing unit 200Step S101). 

At this time, if the transmission source user device address 
is registered (S101; already learned), the process proceeds to 
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a step S103, and if it is not registered (S101; not learned), the 
process proceeds to a step S102. 
At the step S102, the RPR device address learning unit 17 

notifies the RPR device address/user device address learning 
managing unit 20 of the transmission source user device 
address of the RPR data packet (the transmission source 
MAC address) and the transmission source RPR device 
address of the RPR header (the RPR-MAC address), and the 
process proceeds to a step S103. 
At the step S103, the RPR device address learning unit 17 

passes (returns) the RPR data packet to the reception data 
judgment unit 16 and ends the processing flow. 

At the step S102, since the transmission source MAC 
address and the transmission source RPR-MAC address are 
notified to the RPR device address/user device address learn 
ing managing unit 20, the processing flow of the RPR device 
address/user device address learning managing unit 20 as 
shown in FIG. 20 is started (Step S200). 

Then, the RPR device address/user device address learning 
managing unit 20 correlates the notified transmission Source 
MAC address and transmission source RPR-MAC address to 
be registered in the RPR-MAC address learning table 20A 
managed therein (Step S201) and ends the processing flow. 
When the processing flows shown in FIGS. 19 and 20 as 

described above are applied to the RPR data packet (FIGS. 16 
and 17) including the ARP request packet from the RPR 
device I, the following is obtained. 
The RPR device address learning unit 17 uses the trans 

mission source MAC address of the ARP request packet (the 
MAC address=00-E0-00-00-33-01 of the router X) as the 
retrieval key, and judges whether or not the transmission 
source user device address (the MAC address of the router X) 
is learned in the RPR-MAC address learning table 20A of the 
RPR device address/user device address learning managing 
unit 20 (S101). 
At this time, the transmission source MAC address of the 

ARP request packet is not learned (S101; not learned). Thus, 
the RPR device address learning unit 17 learns the correspon 
dence between the transmission source RPR-MAC address of 
the RPR header (the MAC address=00-E0-00-00-22-04 of 
the RPR device I) from the RPR data packet and the trans 
mission source MAC address of the ARP request packet (the 
MAC address=00-E0-00-00-33-01 of the router X), and noti 
fies the RPR device address/user device address learning 
managing unit 20 of those addresses (S102). 

Then, the RPR device address/user device address learning 
managing unit 20 registration units the correspondence of the 
notified addresses in the RPR-MAC address learning table 
20A (S201: refer to FIG. 21). 

After that, the RPR data packet is passed to the RPR device 
address learning unit 17, and the reception datajudgment unit 
16 passes the RPR data packet to the transmission ring selec 
tor 11 and the transmission position judgment unit 18 (S009). 
The transmission position judgment unit 18, when receiv 

ing the RPR data packet, removes the RPR header, and in 
accordance with the destination MAC address “FF-FF-FF 
FF-FF-FF of the ARP request packet, broadcast-transmits 
the ARP request packet to the user device G (FIG. 6) under the 
administration of the RPR device 5. 
On the other hand, the transmission ring selector 11 having 

received the RPR data packet from the reception data judg 
ment unit 16 selects any one of the inner and outer rings to 
which the RPR data packet is transmitted, from the informa 
tion of the RPR header. Here, the outer ring is used to transmit 
the RPR data packet to the RPR device 6, which is the adja 
cent RPR device. 
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As mentioned above, the RPR device 5 can learn the cor 
respondence between the transmission source MAC address 
of the RPR header (the transmission source RPR-MAC 
address) from the RPR data packet received from the RPR 
device 4 and the transmission source MAC address of the 
packet. 
The operations of the RPR device 6 having received the 

RPR data packet (FIGS. 16 and 17) from the RPR device 5 
shown in FIG. 6 will be described below. The RPR device 6, 
when receiving the RPR data packet from the RPR device 5, 
carries out the operations similar to the RPR device 5. 

That is, the reception data judgment unit 16 of the RPR 
device 6 judges the presence or absence of the VLAN tag 
(FIG. 18A: S001) and judges the destination MAC address of 
the RPR header (FIG. 18A: S004). At this time, the destina 
tion MAC address of the RPR header is the broadcast address 
(=FF-FF-FF-FF-FF-FF). 

Thus, the reception data judgment unit 16 judges whether 
or not the transmission source MAC address of the RPR 
header is the MAC address of the self-node (the RPR device 
6) (FIG. 18B; S007). At this time, the transmission source 
MAC address is different from the self-node MAC address. 
Hence, the reception data judgment unit 16 passes the RPR 
data packet to the RPR device address learning unit 17 (FIG. 
18B; S008). 
The RPR device address learning unit 17 learns the corre 

spondence between the transmission source MAC address of 
the RPR header and the transmission source MAC address of 
the ARP request packet (FIG. 19: S101, S102). The RPR 
device address/user device address learning managing unit 20 
creates the RPR-MAC address learning table 20A as shown in 
FIG. 21 (FIG. 20; S201). 
The RPR data packet is passed to the reception data judg 

ment unit 16 (FIG. 19: S103) after the RPR-MAC address 
learning table 20A is created, and passed to the transmission 
ring selector 11 and the transmission position judge (FIG. 
18B; S009). 
The transmission ring selector 11, when receiving the RPR 

data packet, carries out the operations similar to the transmis 
sion ring selector 11 of the RPR device 5, and transmits the 
RPR data packet to the ring. 
On the other hand, the transmission position judgment unit 

18 having received the RPR data packet from the reception 
data judgment unit 16 removes the RPR header, and in accor 
dance with the destination MAC address “FF-FF-FF-FF-FF 
FF' of the ARP request packet, broadcast-transmits the ARP 
packet to the user device under the administration of the RPR 
device 6. 
As shown in FIGS. 6 and 9, the RPR device 6 includes the 

user devices D, E, and F including the user device E corre 
sponding to the destination of the ARP request packet, as the 
user device under the administration thereof, through the 
bridge Y. The ARP request packet arrives at each of the user 
devices D, E, and F because of the broadcast transmission. In 
this way, the ARP request packet transmitted from the router 
X is received by the user device E. 
The user device E having received the ARP request packet, 

since the destination IP address of the ARP request packet is 
addressed to itself, transmits the ARP response packet includ 
ing its MAC address to the router X. FIG.22 shows a format 
of the ARP response packet in this case, and FIG. 23 shows 
the set value of the MAC header of the ARP response packet. 

In the RPR device 6, the ARP response packet transmitted 
from the user device E is received through the bridge Y at the 
port “a” The reception user datajudgment unit 14 of the RPR 
device 6 passes the ARP response packet to the user address 
learning unit 15. 
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The user address learning unit 15 learns the correspon 

dence between the MAC address (=00-E0-00-00-11-05) of 
the user device Ejudged by the reception user data judgment 
unit 14 and the port “a” receiving the ARP response packet, 
and creates the MAC learning table as shown in FIG.24 inside 
the user device address/accommodation position learning 
table 21. 
The reception user data judgment unit 14 passes the ARP 

response packet to the transmission RPR device judgment 
unit 12 after the address learning of the user address learning 
unit 15. 
The transmission RPR device judgment unit 12 having 

received the ARP response packet from the reception user 
data judgment unit 14 judges whether or not the destination 
MAC address of the ARP response packet is the broadcast 
address, in accordance with the processing flow of FIG. 15 
(S01). 
The destination MAC address of the ARP response packet 

is “00-E0-00-00-33-01” (FIG. 23), and it is not the broadcast 
address. Thus, the transmission RPR device judgment unit 12 
passes the ARP response packet to the RPR device address 
retrieving unit 13 (S03). 
The RPR device address retrieving unit 13 having received 

the ARP response packet executes the processing flow shown 
in FIG. 25. Here, FIG. 25 is referenced to explain the pro 
cessing flow of the RPR device address retrieving unit 13. 
The RPR device address retrieving unit 13, when receiving 

the packet from the transmission RPR device judgment unit 
12 (Step S300), starts the processing flow. The RPR device 
address retrieving unit 13 uses the transmission destination 
user device address as the retrieval key and retrieves the 
address of the transmission destination RPR device from the 
RPR-MAC address learning table 20A of the RPR device 
address/user device address learning managing unit 20 (Step 
S301). 

That is, the RPR device address retrieving unit 13 uses the 
transmission destination MAC address of the packet as the 
retrieval key, retrieves the RPR-MAC address learning table 
20A, and retrieves the RPR device MAC address correspond 
ing to the MAC address as the retrieval key. 
At this time, if the corresponding RPR device MAC 

address is registered (already learned: S301: YES), the pro 
cess proceeds to a step S302. If it is not registered (not 
learned: S301; NO), the process proceeds to a step S303. 

In the step S302, the RPR device address retrieving unit 13 
passes the RPR device MAC address retrieved from the RPR 
MAC address learning table 20A and the packet to the trans 
mission RPR device judgment unit 12, and ends the process 
ing flow. 
At the step S303, the RPR device address retrieving unit 13 

passes the broadcast address and the packet to the transmis 
sion RPR device judgment unit 12, and ends the processing 
flow. 
When the processing flow shown in FIG. 25 is applied to 

the RPR device address retrieving unit 13 of the RPR device 
6, the following is obtained. The RPR device address retriev 
ing unit 13 uses the destination MAC address (-00-E0-00 
00-33-01) of the ARP response packet as the retrieval key, and 
retrieves the MAC address of the transmission destination 
RPR device from the RPR-MAC address learning table 20A 
shown in FIG. 21 (S301). 
At this time, the RPR device address retrieving unit 13 can 

obtain the MAC address of the transmission destination RPR 
device (the MAC address=00-E0-00-00-22-04 of the RPR 
device 4) as the retrieval result, from the RPR-MAC address 
learning table 20A. Then, the RPR device address retrieving 
unit 13 passes the destination RPR device MAC address of the 
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retrieval result and the ARP response packet to the transmis 
sion RPR device judgment unit 12 (S302). 
The transmission RPR device judgment unit 12 adds the 

RPR header to the ARP response packet, generates the RPR 
data packet, and passes the packet to the transmission ring 
selector 11. FIG. 26 shows the format of the RPR data packet 
in this case, and FIG. 27 shows the set value of the RPR 
header of the RPR data packet. 

The transmission ring selector 11 selects any one of the 
inner and outer rings to which the RPR data packet is trans 
mitted, from the information of the RPR header. Here, the 
transmission ring selector 11 uses the inner ring to transmit 
the RPR data packet to the RPR device 5 which is the adjacent 
RPR device. 

With the above-mentioned operations, the RPR device 6 
can retrieve the transmission destination RPR device MAC 
address (the MAC address of the RPR device 4 including the 
router X) in accordance with the destination MAC address of 
the ARP response packet from the user device E (the MAC 
address of the router X), and adds this transmission destina 
tion RPR device MAC address to the RPR header, and then 
transmit to the ring network. 

The operations of the RPR device5 (FIGS. 6 and 8) having 
received the RPR data packet from the RPR device 6 will be 
described below. When the RPR device 5 receives the RPR 
data packet from the RPR device 6, the reception data judg 
ment unit 16 of the RPR device 5 executes the processing flow 
shown in FIGS. 18A and 18B. 

That is, the reception data judgment unit 16 judges the 
presence or absence of the VLAN tag (S001). As shown in 
FIG. 26, the VLAN tag is not added to the RPR data packet. 
Thus, the reception data judgment unit 16 judges the destina 
tion MAC address of the RPR header (S004) 

The destination MAC address (=00-E0-00-00-22-04) of 
the RPR header is neither the self-node address, nor the 
broadcast address. Thus, the reception data judgment unit 16 
passes the RPR data packet to the RPR device address learn 
ing unit 17 (S011). 

Then, the RPR device address learning unit 17 starts the 
processing flow shown in FIG. 19. The RPR device address 
learning unit 17 uses the transmission source MAC address 
(=00-E0-00-00-11-05) of the ARP response packet as the 
retrieval key, refers to the RPR-MAC address learning table 
20A of the RPR device address/user device address learning 
managing unit 20, and judges whether or not the transmission 
source user device address coincident with the retrieval key is 
learned (S101). 

Here, since the transmission Source user device address is 
not learned, the RPR device address learning unit 17 notifies 
the transmission source MAC address (-00-E0-00-00-22-06) 
of the RPR header from the RPR data packet and the trans 
mission source MAC address (00-E0-00-00-11-05) of the 
ARP response packet. 

Then, the RPR device address/user device address learning 
managing unit 20 registration units the transmission Source 
RPR device MAC address and the transmission source MAC 
address in the RPR-MAC address learning table 20A, in 
accordance with the processing flow of FIG. 20 (S201). 

Thus, the RPR-MAC address learning table 20A of the 
RPR device 5 is updated to create the RPR-MAC address 
learning table 20A as shown in FIG. 28. 
The RPR device address learning unit 17, after creating 

(updating) the RPR-MAC address learning table 20A, passes 
the RPR data packet to the reception data judgment unit 16 
(FIG. 19: S103). The reception data judgment unit 16 passes 
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the RPR data packet to the transmission ring selector 11 
without passing to the transmission position judgment unit 18 
(FIG. 18A: S012). 
The transmission ring selector 11, when receiving the RPR 

data packet from the reception data judgment unit 16, selects 
any one of the inner and outer rings to which the RPR data 
packet is transmitted, from the information of the RPR 
header. Here, the transmission ring selector 11 uses the inner 
ring to transmit the RPR data packet to the RPR device 4 
which is the adjacent RPR device. 
The operations of the RPR device 4 having received the 

RPR data packet (FIGS. 26 and 27) from the RPR device 5 
will be described below. When the RPR device 4 receives the 
RPR data packet from the RPR device 5, the reception data 
judgment unit 16 of the RPR device 4 starts the execution of 
the processing flow shown in FIGS. 18A and 18B. 

That is, the reception data judgment unit 16 judges the 
presence or absence of the VLAN tag, and the destination 
MAC address of the RPR header. The destination MAC 
address (-00-E0-00-00-22-04) of the RPR header is coinci 
dent with the self-node MAC address (FIG. 7). Thus, the 
reception datajudgment unit 16 passes the RPR data packet to 
the RPR device address learning unit 17. 

Then, the RPR device address learning unit 17 starts the 
processing flow shown in FIG. 19 and learns the correspon 
dence between the transmission source MAC address of the 
RPR header and the transmission source MAC address of the 
ARP response packet. The RPR device address/user device 
address learning managing unit 20 creates the RPR-MAC 
address learning table 20A shown in FIG. 29, in accordance 
with the processing flow of FIG. 20. After that, the RPR data 
packet is passed to the reception data judgment unit 16. The 
reception datajudgment unit 16 passes the RPR data packet to 
the transmission position judgment unit 18. 
The transmission position judgment unit 18 having 

received the RPR data packet from the reception data judg 
ment unit 16 removes the RPR header, and in linkage with the 
user address retrieving unit 19, uses the destination MAC 
address (=00-E0-00-00-33-01) of the ARP response packet as 
the retrieval key, and retrieves the MAC address learning table 
shown in FIG. 14, and then transmits the ARP response 
packet to the port “a” obtained as the retrieval result. 
As mentioned above, the ARP response packet transmitted 

from the user device E is received by the router X. 
The router Xhaving received the ARP response packet can 

transmit the data packet received from the user device A, to 
the user device E. Hereafter, each RPR device can transmit 
and receive the packet without transmitting the broadcast 
packet between the user device A and the user device E in 
accordance with the learning content. 
As explained above, according to the embodiment, the 

transmission/reception of the data packet can be performed 
without using the routing protocol of the L3 function. 

SECOND OPERATION EXAMPLE 

Case of Using L2 Grouping Identifier 

As a second operation example in the embodiment, the 
operations of each of the RPR devices 1 to 6 until the packet 
transmitted from the user device A (FIGS. 6 and 7) is received 
by the user device E (FIGS. 6 and 9) will be described below 
with regard to the case of using the L2 grouping identifier. 
Among the respective RPR devices 1 to 6, at least the RPR 

devices 4, 5, and 6 have the configurations and functions 
shown in FIG. 2. Also, as the example of the L2 grouping 
identifier, the VLAN tag is used. 
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FIG. 30 shows the example when the VLAN is applied to 
the network shown in FIG. 6. In FIG. 30, VLAN ID (also 
noted as “VLAN-ID)=1 as the L2 grouping identifier is 
assigned to the user devices A, D, and E. Also, VLAN-ID=2 
is assigned to the user devices B, C, and F. Also, VLAN-ID=3 
is assigned to the user device G. 

Also, it is assumed that each RPR device recognizes the 
VLAN-ID of the user device under the administration of the 
self-node through provisioning and stores the information. In 
each RPR device, the VLAN-ID of each user device is stored 
in a VLAN-ID registration table (refer to FIGS. 31 and 32) 
managed, for example, by the RPR device address/user 
device address learning managing unit 20, and the reception 
data judgment unit 16 can refer to it. However, the VLAN-ID 
registration table can be managed at a proper position in the 
RPR device other than the RPR device address/user device 
address learning managing unit 20. 
The operations until the user device A transmits the data 

packet to the router X after each of the RPR devices 1 to 6 
shown in FIG. 30 creates the topology map are similar to the 
above-mentioned first operation example. Thus, the explana 
tions are omitted. 

The router X, when receiving the data packet from the user 
device A, transmits the ARP request packet towards the sub 
net to which the user device E belongs, in order to know the 
MAC address of the user device E. The ARP request packet in 
this case has a format shown in FIG. 33, and the set value of 
the MAC header of the ARP packet has a value as shown in 
FIG. 34. 

In the RPR device 4, the ARP request packet from the 
router X is received at the port “a” The reception user data 
judgment unit 14 of the RPR device 4 passes the ARP request 
packet to the user address learning unit 15. Since the opera 
tion of creating the MAC address learning table in the user 
address learning unit 15 is similar to the first operation 
example, it is omitted. The reception user data judgment unit 
14 passes the ARP request packet to the transmission RPR 
device judgment unit 12, after the execution of the MAC 
address learning. 
The transmission RPR device judgment unit judges 

whether or not the destination MAC address of the ARP 
request packet is the broadcast address. Here, the transmis 
sion RPR device judgment unit 12 adds the RPR header, in 
which the destination RPR device MAC address is set for the 
broadcast address, and creates the RPR data packet, and then 
passes the packet to the transmission ring selector 11. 
The RPR data packet in this case has the format shown in 

FIG.35, and the set value shown in FIG. 36 is set for the RPR 
header of this RPR data packet. 

The transmission ring selector 11 selects any one of the 
inner and outer rings to which the RPR data packet is trans 
mitted, from the information of the RPR header. Here, the 
outer ring is used to transmit the RPR data packet to the RPR 
device 5 which is the adjacent RPR device. 
The operations of the RPR device 5 having received the 

RPR data packet (FIGS. 35 and 36) from the RPR device 4 
will be described below. When the RPR device 5 receives the 
RPR data packet from the RPR device 4, the reception data 
judgment unit 16 of the RPR device 5 starts the processing 
flow shown in FIGS. 18A and 18B and judges the presence or 
absence of the RPR data packet VLAN tag (S001). 

At this time, the VLAN tag is added to the RPR data packet 
(FIGS. 35 and 36). Thus, the reception data judgment unit 16 
indexes the VLAN-ID registration table shown in FIG. 31 
with VLAN-ID=1 in the VLAN tag. At this time, VLAN 
ID=1 is not registered. 
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Thus, the reception data judgment unit 16 passes the RPR 

data packet to the transmission ring selector 11 without mak 
ing the RPR device address learning unit 17 learn the corre 
spondence between the transmission source RPR device 
address and the transmission source user device address (FIG. 
18A: S003). 
The transmission ring selector 11 having received the RPR 

data packet from the reception data judgment unit 16 selects 
any one of the inner and outer rings to which the packet is 
transmitted, from the information of the RPR header. Here, 
the transmission ring selector 11 selects the outer ring to 
transmit the RPR data packet to the RPR device 6 correspond 
ing to the adjacent RPR device. 
The operations of the RPR device 6 having received the 

RPR data packet from the RPR device 5 will be described 
below. When the RPR device 6 receives the RPR data packet 
from the RPR device5, the reception datajudgment unit 16 of 
the RPR device 6 starts the processing flow shown in FIGS. 
18A and 18B. 
The reception data judgment unit 16 judges whether or not 

the VLAN tag is included in the RPR data packet (S001). 
Here, since the VLAN tag is included, the reception data 
judgment unit 16 extracts the VLAN tag=1 set for the VLAN 
tag, and indexes the VLAN-ID registration table (registering 
the content shown in FIG. 32) managed by the RPR device 
address/user device address learning managing unit 20 with 
VLAN-ID=1, and then judges whether or not VLAN-ID=1 is 
registered (S002). 
At this time, VLAN-ID=1 is registered in the VLAN-ID 

registration table. Thus, the reception data judgment unit 16 
judges the destination MAC address of the RPR header 
(S004). 

Here, the destination MAC address of the RPR header is 
the broadcast address (FF-FF-FF-FF-FF-FF). Thus, the 
reception data judgment unit 16 judges whether or not the 
transmission source MAC address of the RPR header is the 
MAC address of the self-node. The transmission source MAC 
address is different from the self-node MAC address. Thus, 
the reception data judgment unit 16 passes the RPR data 
packet to the RPR device address learning unit 17. 
The RPR device address learning unit 17, when receiving 

the RPR data packet, starts the processing flow shown in FIG. 
19, and learns the correspondence between the transmission 
source MAC address of the RPR header and the transmission 
source MAC address of the ARP request packet. The RPR 
device address/user device address learning managing unit 20 
creates the RPR-MAC address learning table 20A having the 
registration content shown in FIG. 21 (registration units the 
correspondence between the RPR-MAC address and the 
MAC address) in accordance with the processing flow shown 
in FIG. 20. 
The RPR data packet is passed to the reception data judg 

ment unit 16, after the RPR-MAC address learning table 20A 
is created. The reception data judgment unit 16 passes the 
RPR data packet to the transmission ring selector 11 and the 
transmission position judgment unit 18. 
The transmission ring selector 11, when receiving the RPR 

data packet, carries out the operations similar to the opera 
tions of the RPR device 5. Thus, the explanation is omitted. 
The transmission position judgment unit 18 having 

received the RPR data packet from the reception data judg 
ment unit 16 removes the RPR header, and inaccordance with 
the VLAN-ID=1 of the VLAN tag and the destination MAC 
address (=FF-FF-FF-FF-FF-FF) of the ARP request packet, 
broadcast-transmits the ARP request packet only to the user 
devices D and E under the administration of the RPR device 
6 corresponding to them. 
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Thus, the ARP request packets arrive at the user devices D 
and E through the bridge Y. respectively. In this way, the ARP 
request packet from the router X can be received by the user 
device E. 

As mentioned above, the VLAN-ID set for each of the RPR 
devices 1 to 6 (at least the RPR devices 4 to 6) enables each of 
the RPR devices 4 to 6 to filter the RPR data packets so as to 
capture only the RPR data packet addressed to the RPR 
device itself. 

Note that, after that, the user device E creates the ARP 
response packet having its MAC address and transmits it to 
the router X. The operations after that are similar to the first 
operation example. Thus, the explanations are omitted. 

EFFECT OF EMBODIMENT 

According to the embodiment, the plurality of RPR 
devices, each of which accommodates the user device, is 
connected to the RPR ring network. Each RPR device has the 
RPR-MAC address learning table which registration units 
the correspondence between the MAC address of each RPR 
device and the MAC address of the user device included in the 
RPR device. 

Thus, each RPR device can recognize which user device is 
accommodated in which RPR device. Hence, each RPR 
device can determine the corresponding RPR device address 
(the RPR device accommodating the user device correspond 
ing to the destination) from the destination address of the 
packet included in the RPR device itself to be set for the RPR 
header as the destination MAC address. 

For this reason, each RPR device does not need to transmit 
the RPR data packet by broadcast, if the destination MAC 
address which is not broadcast address is set for the packet. 

Consequently, the RPR device functioning as the relaying 
node for the RPR data packet (the RPR device 5 in the first and 
second operation examples) captures the RPR data packet, 
and may not send it to a local network (user device network) 
that the RPR device itself accommodates. Thus, flooding is 
Suppressed. 

Moreover, according to the embodiment, the usage of the 
L2 grouping identifier enables each RPR device to filter (re 
ject capturing) the RPR data packets other than the packets 
addressed to the RPR device itself (the self-node). 

Thus, each RPR device may not learn the correspondence 
between the transmission source RPR-MAC address to the 
RPR data packet other than the packets addressed to the 
self-node and the transmission source MAC address norcarry 
out the registration process. Hence, the reduction in the pro 
cessing load for the RPR device and the effective utilization 
of resource can be attained. 

Also, according to the embodiment, the RPR device 4, 
when receiving the ARP request packet from the router X, 
transmits the RPR data packet of the broadcast specification 
including the ARP request, to the RPR network, without 
returning to the router X the ARP response packet including 
its MAC address for this ARP request packet. 

Thus, each RPR device on the RPR network can receive the 
RPR data packet and learn that the RPR device 4 includes the 
router X, and the RPR device 6 removes the RPR header from 
the RPR data packet and transmits the ARP packet to the 
network (local network) on the user device side. 

Thus, the broadcast packet requesting the reception of the 
user device E and transmitted from the router X (the ARP 
request packet) is received by the user device E. After that, the 
ARP response packet addressed to the router X is transferred 
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to the router X through the RPR device 4 without any broad 
cast in the RPR networkinaccordance with the learning result 
in each RPR device. 

In this way, the RPR network in the embodiment functions 
as the network of the L2 level accommodating the user device. 
Each RPR device can attain the transmission/reception of the 
data between the user devices by carrying out the process 
(based on the MAC address transfer control) of the L2 level. 

That is, even if each RPR device does not create the routing 
table, terminate L3 (IP), and perform the transfer control of 
the packet based on the L3 routing table, the transmission/ 
reception of the data between the user devices can be attained. 
Thus, it is not necessary to install the L3 function in the RPR 
device. 

Also, as the information used for the transfer control and 
learning function in the RPR network, it is enough to use the 
standard MAC address and RPR-MAC address and VLAN 
tag. Thus, as the user device included in the RPR device, it is 
not necessary to use ones requiring any special format. 

Also, according to the embodiment, each RPR device can 
include both of the user device (user device E) of the L2 level 
and the user device (router X) of the L3 level, as the user 
device. The communication between the user devices can be 
attained by the same operation for those user devices. 

Moreover, according to the embodiment, there are the fol 
lowing merits. 
<1> The L3 function is not inevitable by using the L2-RPR 

mapping table (the RPR-MAC address learning table), such 
as a port address correspondence table or the like, for the 
network routing. 

For this reason, it is not necessary to install the hardware 
and software to give the L3 function to the RPR device. Thus, 
the cost of the RPR device can be largely suppressed. 

<2> The RPR device according to the embodiment does 
not have the L3 function. Thus, it is not necessary to perform 
the complex maintenance and operation on the RPR device. 
Hence, the cost for the maintenance and operation can be 
largely reduced. 
<3> Since the correspondences between the destination 

RPR-MAC and the L2-MAC/other identifiers under its 
administration are summarized into a table, when the encap 
sulation control of the special header is performed, the direct 
connection to the RPR device is impossible. On the contrary, 
according to the embodiment, the target MAC addresses are 
summarized into a table. Thus, the direct connection to the 
RPR device becomes possible. 

INDUSTRIAL APPLICABILITY 

The present invention can be applied to the plurality of 
transmitting devices (RPR devices) connected to, for 
example, the RPR ring network, each of which accommo 
dates the user device and functions as the relaying node when 
the data is transmitted and received between the user devices. 
What is claimed is: 
1. A resilient packet ring (RPR) device, which is connected 

to one or more rings to constitute an RPR network, compris 
ing: 

a storage unit for registering a correspondence between 
RPR device addresses, each indicating an RPR device 
connected to said one or more rings and user device 
addresses, each indicating a user device accommodated 
in the RPR device; 

a transfer control unit receiving data, which is addressed to 
a predetermined user device, from a user device accom 
modated in the RPR device itself, and when an RPR 
device address of an RPR device accommodating the 



US 7,532,634 B2 
37 

predetermined user device is registered in the storage 
unit, adding an RPR header, in which the RPR device 
address is set as a destination RPR device address, to the 
data; 

a unit transmitting the data with the RPR header to the RPR 
network; 

a receiving unit receiving the data with the RPR header 
from the RPR network; and 

an address learning unit receiving at least a transmission 
source address of the data with the RPR header and a 
transmission source RPR device address set for the RPR 
header from the receiving unit, and when the transmis 
sion source address is not registered in the storage unit, 
registering correspondence between the transmission 
source address and the transmission source RPR device 
address to the storage unit. 

2. The RPR device according to claim 1, wherein the 
address learning unit includes: 

a judgment unit judging whether or not the transmission 
source address of the data with the RPR header received 
by the receiving unit is registered in the storage unit; and 

a registration unit, when the transmission source address of 
the data with the RPR header is not stored, registering a 
correspondence between the transmission Source 
address of the data with the RPR header and the trans 
mission source RPR device address set for the RPR 
header to the storage unit. 

3. The RPR device according to claim 1, wherein the trans 
fer control unit includes: 

a retrieving unit retrieving a corresponding RPR device 
address from the storage unit by using, as a retrieval key, 
a transmission destination address of the data addressed 
to the predetermined user device; and 

an adding unit, when the corresponding RPR device 
address is retrieved, adding the RPR header, in which the 
corresponding RPR device address is set as the destina 
tion RPR device address, to the data. 

4. The RPR device according to claim 1, wherein the 
receiving unit does not pass at least the transmission Source 
address of the data and the transmission source RPR device 
address set for the RPR header to the address learning means, 
when a group identifier set for the data with the RPR header 
received from the RPR network is not coincident with a group 
identifier of a group to which the user device accommodated 
in the RPR device itself belongs. 

5. The RPR device according to claim 1, wherein the user 
device address and the RPR device address include media 
access control (MAC) addresses. 

6. The RPR device according to claim 4, wherein the group 
identifier includes a layer 2 grouping identifier. 

7. The RPR device according to claim 6, wherein the layer 
2 grouping identifier comprises a virtual local area network 
(VLAN) ID. 

8. A resilient packet ring (RPR) network system, compris 
1ng: 

a plurality of RPR devices including first and second RPR 
devices each accommodating one or more user devices; 
and one or more rings to which the RPR divides are 
connected, 

the first RPR device, when receiving, from a first user 
device accommodated in the first RPR device itself, a 
broadcast packet desiring an arrival at a second user 
device accommodated in the second RPR device, adding 
an RPR header, in which a transmission source RPR 
device address is an address of the first RPR device and 
a destination RPR device address is abroadcast address, 
to the packet to be transmitted to an RPR network, 
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the second RPR device, when receiving the packet with the 
RPR header from the first RPR device via the RPR 
network, on the basis of the transmission source RPR 
device address in the RPR header and the address of the 
first user device set as the transmission source address 
for the packet, learning that the first RPR device accom 
modates the first user device, removing the RPR header 
from the packet, and transmitting the packet to the Sec 
ond user device, 

the second RPR device, when receiving a packet addressed 
to the first user device from the second user device, 
adding an RPR header, in which the RPR device address 
of the first RPR device that has been already learned is 
set as the destination RPR device address, to the packet 
to be transmitted to the RPR network, and 

the first RPR device, when receiving the packet with the 
RPR header from the Second RPR device via the RPR 
network, transmitting the packet to the first user device 
after removing the RPR header from the packet. 

9. The RPR network system according to claim 8, wherein 
the first RPR device, when receiving the packet with the RPR 
header from the second RPR device, on the basis of the RPR 
device address of the second RPR device set as the transmis 
sion source RPR device address for the RPR header, and the 
address of the second user device set as the transmission 
source address of the packet, learning that the second RPR 
device accommodates the second user device, and 
when receiving the packet, in which the address of the 

second user device is set as the destination address, from 
the first user device, transmitting the packet to the RPR 
network after adding the RPR header, in which the RPR 
device address of the second RPR device that has been 
already learned is set as the destination RPR device 
address. 

10. The RPR network system according to claim 9, wherein 
an RPR device relaying the packet with the RPR header, 
which is transferred between the first RPR device and the 
second RPR device, when receiving the packet with the RPR 
header from the first or second RPR device, on the basis of a 
transmission source RPR device address and a transmission 
source address set for the packet with the RPR header, learn 
ing that a user device specified by the transmission source 
address is accommodated in an RPR device specified by the 
transmission source RPR device address. 

11. The RPR network system according to claim 10, 
wherein a packet, which is transmitted and received between 
user devices, which are accommodated in different RPR 
devices, includes a layer 2 grouping identifier indicating a 
layer 2 group to which the user devices respectively belong; 
and 

each of the plurality of RPR devices holds the layer 2 
grouping identifier of the user devices accommodated in 
the RPR device itself, and when a layer 2 grouping 
identifier different from the layer 2 grouping identifier 
held by the RPR device itselfis set for the packet with the 
RPR header received from the RPR network, does not 
perform capturing the packet with the RPR header and 
the learning. 

12. A data transfer method for a resilient packet ring (RPR) 
device that is connected to one or more rings to constitute an 
RPR network, the method comprising: 

receiving data addressed to a predetermined user device, 
which is received from a user device accommodated in 
the RPR device itself 

when an RPR device address of an RPR device accommo 
dating the predetermined user device is registered in a 
storage unit for registering a correspondence between an 
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RPR device address, each indicating an RPR device 
connected to said one or more rings, and user device 
addresses, each indicating a user device accommodated 
in the RPR device, adding the RPR header in which the 
RPR device address is set as the destination RPR device 
address, to the data; 

transmitting the data with the RPR header to the RPR 
network; 

receiving the data with the RPR header from the RPR 
network; and 

when a transmission source address of the received data is 
not registered in the storage unit, registering a corre 
spondence between the transmission source address and 
a transmission source RPR device address to the storage 
unit. 

13. The data transfer method for an RPR device according 
to claim 12, further comprising: 

judging whether or not the transmission source address of 
the data with the RPR header received from the RPR 
network is registered in the storage unit; and 

when the transmission source address is not stored, regis 
tering a correspondence between the transmission 
source address and a transmission source RPR device 
address set for the RPR header to the storage unit. 

14. The data transfer method for an RPR device according 
to claim 12, further comprising: 

retrieving a corresponding RPR device address by using, as 
a retrieval key, a transmission destination address of the 
data addressed to the predetermined user device; and 

when the corresponding RPR device address is retrieved, 
adding the RPR header, in which the corresponding RPR 
device address is set as the destination RPR device 
address, to the data. 

15. The data transfer method for an RPR device according 
to claim 12, wherein when a group identifier set for the data 
with the RPR header received from the RPR network is not 
coincident with a group identifier assigned to the user device 
accommodated in the RPR device itself, a process for regis 
tering a transmission source address of the data and a trans 
mission source RPR device address set for the RPR header to 
the storage unit is not performed. 

16. The data transfer method for an RPR device according 
to claim 12, wherein the user device address and the RPR 
device address includes media access control (MAC) 
addresses. 

17. The data transfer method for an RPR device according 
to claim 15, wherein the group identifier comprises a layer 2 
grouping identifier. 

18. The data transfer method for an RPR device according 
to claim 17, wherein the layer 2 grouping identifier comprises 
a virtual local area network (VLAN) ID. 

19. A data transfer method for a resilient packet ring (RPR) 
network system in which a plurality of RPR devices including 
first and second RPR devices accommodating one or more 
user devices are connected to one or more rings to constitute 
an RPR network, the method comprising: 
when the first RPR device receives a broadcast packet 

desiring an arrival at a second user device accommo 
dated in the second RPR device from a first user device 
accommodated in the first RPR device, the first RPR 
device transmitting the packet to the RPR network after 
adding an RPR header to the packet, the RPR header 
having an RPR device address of the first RPR device as 
a transmission source address and abroadcast address as 
a destination address; 
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when the second RPR device receives the packet with the 
RPR header from the first RPR device via the RPR 
network, the second RPR device, based on the transmis 
sion source RPR device address of the RPR header and 
an address of the first user device set as the transmission 
source address for the packet, learning that the first RPR 
device accommodates the first user device and transmit 
ting the packet to the second user device after removing 
the RPR header from the packet; 

when the second RPR device receives a packet addressed to 
the first user device from the second user device, the 
second RPR device adding the RPR header, in which the 
RPR device address of the first RPR device that has been 
already learned is set as the destination RPR device 
address, to the packet and transmitting the packet with 
the RPR header to the RPR network; and 

when the first RPR device receives the packet with the RPR 
header from the Second RPR device via the RPR net 
work, the first RPR device the packet to the first user 
device after removing the RPR header from the packet. 

20. The data transfer method for an RPR network system 
according to claim 19, further comprising: 
when the first RPR device receives the packet with the RPR 

header from the second RPR device, the first RPR 
device, based on the RPR device address of the second 
RPR device set as the transmission source RPR device 
address for the RPR header, and the address of the sec 
ond user device set as the transmission Source address of 
the packet, learning that the second RPR device accom 
modates the second user device; and 

when the first RPR device receives a packet in which the 
address of the second user device as a destination 
address is set from the first user device, the first RPR 
device adding an RPR header, in which the RPR device 
address of the second RPR device that has been already 
learned is set as the destination RPR device address, to 
the packet, and transmitting the packet with the RPR 
header to the RPR network. 

21. The data transfer method for an RPR network system 
according to claim 20, further comprising, when an RPR 
device for relaying the packet with the RPR header, which is 
transferred between the first RPR device and the second RPR 
device, receives the packet with the RPR header from the first 
or second RPR device, the RPR device, based on a transmis 
sion source RPR device address and a transmission source 
address set for the packet with the RPR header, learning that 
a user device specified by the transmission source address is 
accommodated in an RPR device specified by the transmis 
sion source RPR device address. 

22. The data transfer method for an RPR network system 
according to claim 21, wherein a packet, which is transmitted 
and received between user devices, which are accommodated 
in different RPR devices, includes a layer 2 grouping identi 
fier indicating a layer 2 group to which the user devices 
respectively belong; and 

each of the plurality of RPR devices holds the layer 2 
grouping identifier of the user devices accommodated in 
the RPR device itself, and when a layer 2 grouping 
identifier different from the layer 2 grouping identifier 
held by the RPR device itselfis set for the packet with the 
RPR header received from the RPR network, does not 
perform capturing the packet with the RPR header and 
the learning. 
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